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I Introduction
 

A. Statement of the Purpose of the Manual

IFhth last 
 'ears have witnessed an increasing awareness of vitamin 
AdeticiencN as a r uhlic health problen. Epidemiological studies have 
emphasized its health inmplicaions for both individuals and popula
tions. The geographic distributIOn of ti .s nutritional disorder is exten
s,'e, affecting large sections of )opulations in developing countries,
including Asia, Africa, and areas of Latin America. 

Extensive knowledge has accumulated on the factors that condi
tion and precipitate vitamin Adeficiency. Inadequate consumption of 
animal foods rich in vitamin A or plant foods rich in carotenes is a 
central factor. In addition, factors have been identified that promote
losses, increase physiological needs, and interfere with the intestinal 
absorption of the different vitamin Aactive compounds in the ingested
food. These factors particularly affect the absorption of carotenes,
which constitute the largest proportion of vitamin A in the diets of 
people in developing countries. 

During the last two decades, attention has been paid to the devel
opment of strategies for the control and eradication of vitamin A defi
ciency as a public health problem. Various countries in the developing
world where the problem has been identified have implemented inter
vention programs, and several other countries are planning to do so. 

The puIblished and unpu1blished records are plagued with exam
ples of intervention programs that have been carried out withoutappropriate evaluation. This condition poses a serious limitation from 
both scientific and practical points of view. Most crucial among these 
limitations are: I ) it is not determined whether the intervention has 
produced the expected results for which it was planned, and 2) evenwhen changes accompanying the intervention can be empiricAlly Visu
alized, it is not possible to estimate the extent to which tho )e changes 
may be attributed to the program, e.g., observed changes could be 
caused by concomitant factors unrelated to the program. In addition,
in the absence of proper evaluation, information will be lacking on the 
relationship between the magnitude of the total effort invested in the 
intervention and its degree of effectiveness. 
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Without evaluation, policy-makers lack the information neces
sary to decide whether a program to control vitamin A deficiency 
should be phased out, continued as is, or modified. Furthermore, the 
informed selection of alternative interventions to achieve the same 
objectives becomes impossible. Finally, the potential of the interven
tion for successful implementation in similar situations elsewhere 
(other countries or regions) would remain undetermin-ed. 

The need to present and promote evaluation ,s an integral 
component of any intervention, and to facilitate its implementation is 
clear. This manual is meant for those persons involved in intervention 
programs who are not experts in monitoring and evaluation. The 
purpose of evaluation in the context of this manual is to demonstrate 
effects or an1absence of these from routinely implemented programs. 
Additionally, the evaluation results are important to the modification 
of programs in light of observed constraints. Lather than emphasizing 
the portion of knowledge still uncertain about a program, this manual 
emphasizes use of the knowledge available and its application for the 
evaluation of intervention programs to control vitamin A deficiency. 

B. Basic Concepts 
Much has been written about evaiuation in recent years. Different 
terminologies are often used to refer to the same concepts. An unfortu
nate consequence has been some confusion rather than clarification 
of the issues involved, especially anong non-specialists. An effort has 
been ma:dc in this manual to avoid such confusion. A brief definitiotn 
of the concept of evaluation and description of scmc basic terms used 
in this manual follows. Additional term, referring to the components 
of the evaluation proccss are presented in Chapter 11. 

1. 	EvalutionU 
Evaluation is a process by which the degree of success in achieving 
the predefined goals of an intervention is determined and the 
reasons for shortcomings in achievements identified. Thus, eval
ation is in essential component to be built into any intervention 
plan. 

2. Definition of terms: 
(Definitions and terminologv usedi in this document conform, to 
the extent possible, with those used in Chapter III of Guidelines 
for hLe Eradication of Vitamin A Deficiency and Xerophthalmia, 
IVACG, 1977.) 

Activities and issues involved in an evaluation of intervention may 
be conveniently categorized as follows: 

hIptts:Actions which are taken to produce the desired changes. 

2 
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Oztputs: Intermediate changes seen as a result of the inputs and 
Which ultimately lead to the outC()me. 

Outcome': The result of the interventiom on the pro selected vari
able which it is expected to change according to the defined 
objective. An intervention program is expected to influence a 
chain of variables leading to an improved vitamil A nutritionial 
StatUS 01" a decrease in xer)phthalmia (eve signs due to vitamin 
A deficiency,. \Whether the ultimate change or any of the interme
diate changes is itself considered the oLtcome may be decided 
by the e2valuati )n-designers on the basis of the primar. objective 
of the program and of feasibilitv considerations, a, explained 
further in Chapter Ill. 

C. Types of Interventions 
rodate there are two categories of intervention programs specifically 
addressing hvpovitaminosis Aand xero)phthalmia. These are: 

I Interventions that increase the dictarv intake of vitamin A by a 
popuIlltion thro ugh: 
a. 	 Nutrition edca . 
b. 	IHIrticulture at the macro- and micro-level, and 
c. 	 Fortilication ,)ffoods in existing diets. 

2. 	ln'erventions aimed at treating and controlling the prevalence of 
ocular damage due to vitamin A deficiency through periodic use 
of large dose su)plements. 

Apart from these, primary health care approaches to control concurrent 
disease factors which result in elevated vitamin A requirements and/or
which interfere with the absorption and utilization of dietarn vitamin 
A,also help in improwing vitamin Astatus. In addition, any improvement 
in the socioeconomic status of the target population is likely to indi
rectly influence the overall health and nutritional status of that popula
non, .1:nd by inference would result in improved vitamin A status. 

3 



II Components of the 
Evaluation Process 

The evaluation process consists of several components that have been 
grouped in this report under four broad headings: A) planning, B)
assessment of operational adequacy, C) interpretation of evaluation 
data, and I)) reporting. Outlined under each heading are practical steps
that are intended as guidelnes. 

A. Planning 
The following is a description of the process to be considered in 
preparing an intervention program evaluation. 

1. 	 )efiniti(n (f pr( gran objectives:
As ment ioned earlier, eval uation shou d be an integral part of any
intervention program. The aims and objectives of the program
form the basis for evaluation and therefore must be specifically
and clearly stated. It is, however, possible to redefine the objec
lives during the course of the evaluation in order to limit it to 
one or m()re outputs of the intervention. 

2. 	Selection of indicators: 
Indicators are variables that help to measure change. Such 
changes may represent the final program outcome or sole inter
mediate events occurring between the application of the interven
tion and 0he lnal tOLtc(me. Indicators selected should be appro
priate for the type of intervention and objectives. 

3. 	Ppulatiom target, criteria, and tinieframe: 
Criteria must be established and program targets defined in order 
to assess the progress toward achieving the given objectives. This 
involves: 
a. 	 Specification )f the target population for the intervention pro

gram (e.g., preschool children, high-risk children, urban/rural 
residents), 

b. Specification of the amount of change (increase or decrease) 
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desired for a given indicator that the program is intended to 
achieve, and 

c. 	Specification of the tirneframe for achievement. The time peri
ods suggested are somewhat arbitrary but they have been 
found to be helpful in the process of policy implementation
short-term (0.5-2 years), medium-term (3-5 years), and long
tern (6 or more years). 

E-vample: 
Program: Food fortilication vith vitamin A. 
Objective: To improve the vitamin A status of the popu

lation. 
Indicator: Serum vitamin A level. 
Criterion: Serum vitamin A level below 1O/g/dl in no 

more than 5% of the high-risk population. 
Tinleframe: 2 years. 

4. 	Study lesign: 
Study design for evaluation Of an interention program includes 
both a statistical and a sampling design, The statistical design will 
uIsuallV he either a "before-and-after" intervention comparison, 
or a comparison of intervention areas with concurrent non-inter 
vention ares. l)ata for these designs are obtained from sample 
sur,evs, for which the sampling design describes how representa
tive d.latl are to be collected and analyzed. Effects of competing 
explanations may be controlled in the design by avoiding known 
confounding factors and by statistiical adjustment in anal\'sis. These 
and other issues in statistical design are discussed in Chapter V 
Of this manual. In addition, a detailed disctission of sample design 
and statistical implications and of sample size determination is 
available in the Appendix. 

5. 	 Data type, source, and use: 
Evaluation is based on valid, accurate, and reliable data. Validity 
means that the Clata actually measure what they are supposed 
to measure. Reliability implies that meatsurement of an indicator 
by different people at different times and under different 
circumstances yields essentially similar results. Accurate mea
surements are close to true values. Inaccuracies may occur 
due to imprecise instruments or to random variations in 
meauIurement techniques. 
a. 	Type of indicator data: 

Indicator data may be clinical (e.g., Bitot's spots), biochemical 
(e.g., serum retinol levels), dietary (e.g., frequency of consump
tion of carotene-rich foods), and logistical (e.g., resources). All 
such data should be appropriately documented. 
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b.Sources: 
The data obtained from routinely collected statistics (e.g., infor
mation from growth charts) in the health infrastructure system 
may be used if they are considered reliable. If not, special
studies or surveys may need to be conducted. 

c. 	 Use:
 
Data max be used for the following purposes:

(1) 	 To provide baseline information (e.g., pre-intervention 

prevalence of Bitot's spots),
(2) 	To assess input (e.g., number of vitarnin A capsules avail

able at the health post),
(3) 	 To pei nit monitoring (e.g., periodic recording of distribu

tion of vitanlin A capsules), 
(4) To assess output (e.g., nubnher of children receiving vita

min A capsules), and 
(5)To determine outcome (e.g., post-intervention prevalence
 

of Bitot's Spots). 

B. 	Assessment of Operational Adequacy 
Program evaluation comprises I) assessment of adequacy of implemen
tation, i.e., the type and number of activities, the personnel involved 
and tile way the activities were carried out, and 2) assessment of 
outcome, i.e., the effect or impact of the program.

Assessment of the first component is important to improve tile 
program design and the delivery of services. Assessment of the secondis essential to convince policy-makers that the program was properly
selected and did, in fact, achieve the objectives at least in part. The two 
components are olten assessed simultaneously,, ahlhough it Would be
desirable to conduct outcole evaliation after monitoring has shown 
that the prograun is well implemented. 

1.Implementati()l: 
The adeqiCx.' of implementation should take into consideration 
the following: 
a. 	Inputs such as materials, personnel, and resources. 
F, VfplJe: For a six-month vitamin A cal)sule-distribl.ttion pro
gram for villages: Were there sufficient Capsules in stock? Were 
the vehicles in running condition? Was there sufficient petrol
available for each deliverx schedule? Was the staff to distribute 
the capsules sufficient in numlber and adequatelx trained? 

b. 	Activities such as adherence to planned schedules. 
c. 	Outputs such as the availability and utilization of services by

the target poplulation,
Eviample. Vitamin A capsules may be available at the health 
center but this facilitv is too distant to serve a large section of 

7 
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the target population. For this and other reasons, coverage may 
be small and below the critical level needed for a positive 
response. 

d. 	Training and supervision: 
(1) 	Type and number of personnel trained, methodology and 

adequacy of training. 
(2) 	 Organization of refresher courses. 
(3) 	 Adequacy of supervisory structure at different levels. 

e. Monitoring: Type of data collected and frequentT of collection. 
Awareness by functionaries at all levels about the details of the interven
tion and the philosophy behind it as well as awareness of the commu
nity concerning the program are important determinants of outcome, 
particularly in some types of intervention. Assessment of this "aware
ness status" should be considered a part of adecluacv of inplementa
tion. Adequacy of implementation is judged against the pre-established 
levels of inputs and outputs met. 

2. 	Outcome: 
Attainment of program objectives and targets is assessed accord
ing to evaluation designs discussed in Chapter V. Propel attention 
should be given to the influences of confounding factors on 
Outcome. 

C. 	Interpretation of Evaluation Data 
In the evaluation of some interventions more than a single type of 
indicator may be used. For instance, to assess the impact of a food 
fortification program aimed at improving the vitamin A nutritional 
status of the population, the evaluators-if resources are not a limiting 
factor-may decide to utilize dietary and clinical indicators in addition 
to the primary indicator suggested in the example given elsewhere 
(serum vitamin A levels). 

If the integrated analysis and interpretation lead to changes in 
the same direction for all three indicators, this concordance synergisti
callk' enhances the validity of the conclusions. Such a procedure is 
desirable both from a scientific point of view and because of the level 
of confidence that the evaluation data generate. For example, when 
baseline serum retinol levels are found to be markedly low, the dietarv 
intake of vitamin Ais also inadequate and a high prevalence of clinical 
manifestations is seen. If, following the intervention, there is a reversal 
in all three indicators, the conclusion that the intervention had, in fact, 
been effective becomes verv strong. 

An absence of parallelism between the three types of data does 
not necessarily imply lack of relationship. Although the different param
eters should reflect the existence of hypovitaminosis A in the popula
tion, the timing of the appearance of their deviation from normal is 

8 
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often not concurrent at the individual level. In addition, mild and 
moderate degrees of deficiencies, isindicated by dietary and biochemi
cal indicators, may' be insufficient to induce clinical abnormalities. 

Such a reinforcing multiple-indicator approach requires addi
tional resources, and under the circumstances illmIllaV developing
countries it wil proveCdifflicult to implement, Therefore it must be
stressed, that although desirable it is not essential because the use of
the minimum indicator chosen will generate the primary information 
required. Consequently, the lack of resources for attempting the multi
indicator lpproach sh)uld be no reason for discouraging the imple
mentation ()fan evalhrati instrateg'. 

D. Reporting 
The list stage of the ev,1atiatin process is the preparaltion of the reports.
For the scientific communityv, a detailed report with descriptions of 
every phase and activity is mandatory. This sh(ould ilclude a brief
description of the intervention being eValuated, the design and plan of
the buiIt-in ev; uat and pr()cedUlres for measurement,it n, meth )dcloog, 
Standardizat i(n an1d qual ity' C ntr )l, results, interpretations, and conlu
sions. This type of report should reflect the degree of"scientific and 
technical rigor emplo yed in such a manner that pr)fessionals reading
it cill judge the quality of the (operatiom and establish the scientific 
soundn.ess and relialilit\ of the conclusions. 

The judgement of tile vilue of the intervention is essentially a
prolessional opinion, and it is recommended that an independent 
panel of peers should review the total project. This procedure will not
(only add credence to the report, but it will also help to put in proper
Perspective anv aberant conclusions that may have been drawn by the
evaluators. 

For those who are not Sl)ecialists but who will be in charge of
making decisions on the stud\"s recommendations, such as public
health autl(R)rities and administrat( rs, another type of report is neces
sary. The eml)hasis here should be on the results obtained and their
significance in terms of the original objectives of the vitamin Ainterven
ti(n. With satisfact wv monitoring and initiation of timely corrective 
steps, sh( )rtfalls illoltCo)me should bhe minial, bt if for any reason 
MIlitoring \\'as inadequatie an11d OLitc()nie disappointing, the report
s,1h)luld focus attention ol the cilSeS for the shortfall in Oultcome. 
This will help pr(wide better implementation of similar, suLbse(luelt 
prograis. Comments oI tile relative merits and disadvantages of theinterventio n studied, particularly in compariso n with other apjroaches
attempting the same objectives, should be included wherever such 
data are available. The specialist must present information in terms 
understandable to the non-specialist. 

In the report directed to t)olic,-makers and other interested 

9 
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parties, it is prudent to include an executive summary, either as a 
separate document or preferably as the first section of the evaluation 
report. This should contain brief descriptions of the program being 
evaluated, of the methods used foi . .LUation, and of the findings of 
the evaluation study. For emphasis, the summIn' of the findings should 
be presented first. The body of the evaluation report can be effectively 
presented by following some variant of the following outline: 

1. Background of the Program 
A. Origin of the program covering such items as enabling legisla

tion, funding sources, and major personnel associated with 
initiating the program. 

B. 	 Abrief chronology of the program, covering dates of inception, 
major events, and origins of the evaluation. 

II. 	Goals of the Program 

II1. Target Population 

IV. Characteristics 	of the Program 
Description of the program, resources available, and the ser
vices that are to be delivered. 

V. Description of the Evaluation Study, which includes: 
A. Purposes of the Evaluation 
B. 	 Evaluation Design Used 
C. 	Outcome Measures Used 
D. 	Data Collection Procedures 

VI. Evaluation of Results 

VII. Discussion of Results 
A. Evaluation of Findings 
B. Generalizability of Evaluation Findings 

VIII. Conclusions and Recommendations 

10 



III 	Description of 
Dietary and 
Biological Indicators 
for Evaluation 

A. Introduction 
Indicators 	:ire characteristics of the population that the intervention
intends to change. This means that the indicators selected must have 
been shown by previous scientific studies to be connected with tile 
intervention inputs in a cause-effect relationship.

Basic to the selection of appropriate indicators is a good under
standing Of the sequence of events that may he considered effects
of the program inputs to control vitamin A deficiency (i.e., dietary,
biochemical, clinical, and demographic). This sequence may be con
ceived as follows: 

1. An increase in the intake of pre-formed vitamin A (retinol), or 
carotenes, or both: 

2. An increase in vitamin A levels in body fluids and tissues; and 

3. The correction of plhysiologi,. al alterations, including reversal of
tissue and organ damage (clinical) known to be due primarily to 
vitamin Adeficiency. 

Growth retardation, loss of appetite, and increased morbidity and
mortality have also been described as manifestations of vitamin A
deficiency and have therefore been suggested as indicators. None of
these however is specific to vitamin A deficiency, and the usefulness
of measuring changes in these indicators as evidence of altered vitamin 
A status is vcry uncertain. 

B. Suggested Indicators 
The selection of indicators for evaluation of interventions must be
based not only on scientific knowledge but also on what is perceived
to be feasible for implementation at the time. An excessively ambitious 
intervention goal and evaluation plan may overwhelm the existing 
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atdministrative anl technical c',patcity avi' the dvC\'Cl()linlg Couiill 
tries. This W(O)l d( iiblv rCutli illdisc( )ulglgillIgnd the1ebd dlaying 
decision-ilak inglln the iimlmnCtt i()1il)(l()lo tential lv gt irt )gra. 
A h'ie' liSctl.Si( Il( A ilILli.',Itt-,) thait Cll he used iS presented below. 

tl
( Met h( )d.'+ani I)'tced1iV le' I.I~lthe II)lhti( iw aireme,'tl+Cnl 

v'itaiin A in .heibhk gicil llterlialsI hLVC ben ubllishld illde1tail 
b%, 	 IVA( illBioc.k,,ical.L'IIo-)(4+)log1' (,)) '.'+ll'))l of"Viltamin 
A Status. ) 

I. 	 l)ietarv Intake: 
I)ietltrv 	intakes Ol preti'i+ed vitamin A and cart)tell nids arc not 
nidlicait(rS Oflvitaimin <Astit lsin hC Sisllen! e Itbiocli-SCiC tiht 

Cal and clilicall indicators are. I lvpovitaminosis A and xcrophtihall-
Iia are, lll)Ic prevale'nt in p)l))lllti iptil ups Withui'a 1 
inldequatC illikC Of \'itain ,A-c)ntaininllg ood.S. 

l)ati relCeviIlt t(0 hahituli inakcs Of vitamin A by tile pOpuilation 
(items a Ind 1)helv) and llwre t h tihe andspecilicall inarllit 
')llg child (C 1ad (. ) cnI litained the' lolli t

i.A.SsSSing tile tre' cc ItC i ipLI'),(Inl)l'C tOilIt c'altenre-ricli f'O(Is 
ali'tor plrefri' r ed viti A b)' tl llar ' t PI)ll'ati(Il, 

Aiamin IlS or' reinl eCuiva-
ICnts per aC)l ivh the trgetC Ipllt ion, 

b. 	Clclating illtak tIl \ A ( llicr'( 

c. )eterm in ing ti1 agCat i ich and the1reilaive amotn Il aldi11f 

tional It ds cIt litining can iene and/or plrrned vitallil A 
are-C first given ti childrell a.ged )-3 e rs, llnd 

dI. 	 l)etermlining thle percctallgC Ilcilil aged ()-i3 years breast 
fed I)'agC go )ip).S (.3tnh i intervals ). 

In aldit it 1t(Iling Inli idieCicat Ir IFl'itianin A statuls, lsC 
oF dietary inilkwimatiii is limiited h consideration o accuracy alld 
reliability o)t estimates Of haitual intakes. :aCtors ir)talllt ill 
this Context are: 
a. Erro)rs ofl-vn malgnitulde in hierent il pntcicOalVl al tv I)C.S (1' 

dietary assessmllent nethds, 
1b.MiarkCd scIs.0)inal 1tuc1tut itl"IS initile intake of caritenoid-riclh 

t)dsCI hatIll (t tobtlind fFrlmnilke it di~lictik itllCri-)Ct 

cr05-secti( Iil (single pint ) Surveys,
 

c. 	 The limited ihllnFrmtit iWi ava ihlable Iil pn)vitamin A content of 
ftoo ds as eaten and variaAy Oit\' f'vitimi i A inI II c()ncentiratit )n 

breast milk,
 

I. The limite2d illtir obioa'vailahility oi o mlil atitl- Oii car( tene 
hbl-itull dliets, and11( 

C. The p~rtliabhlC CfctC Fcutilinryll-p a)ictices Oin vitliinr A content 
of diets. 
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For pUrposes of monitoring in] evaluation of an intervention 
aimed at increasing the Consumption of vitamin A and/or caro. 
tene-rich foods, these linnitations are not , major concern pro
vided that dietary information is collected in a standardized man
ner. More important than the actual almlounlts are alterations in 
the custumption of these foods that can be used as a measure of 
Outcome. 

Even in intervention programs where more objective indicators 
are used, such :Isin periodic large-dose vitamin A distribution 
programs and in fortification of tood items with vitamin A, dietary
information on intakes of the vitamin should Ibe included 1) to
nonitor tcends in dietary in(ake over time to determine if they
influence the vitamin Astak.:.s ofthe recipients and therefore affect 
outconme 1f 	 to:he interventior., and 2) assess when the programs 
should be nl()dilied. 

Collection o)l dietary information is very important. Although the 
24-hour recall method and the 3- or 7 -da, diet history of estimat
ing dietary intake of vitamin A are often considered easy to per
form, they are not recommended for purposes of evaluation for 
pop)ulation-bIaseCl studies. Though it 	 is tr.-ditionall, recon
mended that diet surveys n be done during sickness, it is impor
tant to get a more realistic estimate (fhabitual dietary intake. 
Therefore, diet surve\'s should be done irrespective of tle heahi, 
status )i the child. 

Because in rural 11 pulat tiofs agricultural cycles canIli alter dietan,
intakes, recordings should be done periodically, and frequency,
of data collection should take into account this factor. If resources 
,ire limited, recordings can f cus on specific seasons ofanticipated
shortages of foods containing vitamin A and/or peat disease inci
d,.ice.
 

In urban populations, the timing of data collection will be gov
erned by other considerations including the effect of working

days versus weekends, and before and after salary is received.
 

2. 	 Biochemical: 
Biochemical indicators often reflect vitanlin A nutritional status 
before clinical abnormalities can be detected. Reduced levels of 
vitamini A in body, fluids and tissues are seen beforeusuall\' 
metabolic functions and tissiie damage occur. (See IVACG manual 
noted above for discussion of biochemical methodology for as
sessing vitamin A status.) 

Serum vitamin A: The most valid indicator of vitamin Anutritional 
status is the store of the vitamin in the liver. Because this is not 
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easy to determine, serum vitamin A level is used as an alternate 
indicator. Levels below 20 tpg/dl are frequently associated with 
unsatisfactory liver reserves, whereas levels below 10 A.g/dl are 
indicative of very low reserves. A shift to the right in the lower 
portion of the frecluency distribution of serum vitamin A levels in 
a population is therefore indicative of changes in vitamin A and 
can thus be used as a measure of the extent to which an interven
tion program has succeeded. A practical problem in some of tie 
countries is the possible resistance encountered in obtaining 
samples of blood for analysis. Because both vitamin A and retinol 
binding protein (RBP) estimations can be carried out on linger
prick blood samples, this problem lay not be as serious as it 
initially appears. Efforts should be made through persuasion to 
get the cooperation of the community'. 

Breast milk vitamin A: An additional biochemical indicator that 
can be used for intervention strategies targeted for populations 
which include women is the vitamin A concentration in breast 
milk. This method has the advantage of being non-invasive, and 
milk samples are easily obtained. Such collections should be 
made following a standardized procedure because of the diurnal 
and intrafeed variability in vitamin A content. 

Unlike serul vitamin A,which has been widely used, breast milk 
retinol has been used infrequently. The efficacy of its use as all 
indicator in evlulation was demonstrated in the Sugar fortification 
program in Guatenala. In this study, the criterion was the preva
lence of breast milk samples with less than 20 tg/dl of vitamin A. 
Breast milk samples obtained from well-nourished women con
tain about 50 Ag vitamin A per deciliter and the cut-off level of 20 
Ag/dl used in this study thus represented only 40% of the normal 
level. This cut-off point proved sensitive enough to reflect the 
impact of the intervention on lactating women. Itis recommended 
that this criterion be followed until new knowledge indicates the 
need for the adoption of a different one. 

Liver vitamin A: Direct measurements of levels of vitamin A in 
liver for assessment purposes are only possible inl autopsy mate
rial. The use of this indicator is feasible only when there are no 
constraints in obtaining autopsy material and when the interven
tion strategy covers the entire population. Even then it is unlikely 
that the results will be truly representative of the population, 
though they may provide data on changing trends. 

Recently a new method for measuring liver retinol levels indi
rectly-the relative dose response-has been developed. Its ap
plicability under field conditions has been successfully denlon
strated in a limited number of applications. Currently a 
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modification using a derivative of vitamin A (vitamin A,) is being
tested. This modification would require one rather than two blood 
specimens. If successful, this approach would be importantan 

addition to the existing list of indicators.
 

3. 	 Clinical: 
For a more detailed discussion see 'The Symptoms and Signls of 
Vitamirn A Dicienc.vandTheirRelationshipto Applied Nutrition. 

There are five w-1 I-recognized clinical manifestations of vitamin 
A deficiency. These are all ocular-night blindness, conjunctival
xerosis, Bitot's spots, corneal xerosis, and keratomalacia. In the 
absence of a history of traunma corneal scars are highly suggestive
of previous vitamin Adeficiency. Altered conjunctival histology a!s 
diagnosed by impression cytology is currently undergoing field 
tests to determine its suitability as a reliable ani sensitive indicator 
of early vitamin A deficiency. Changes in the prevalence of one 
or more of these manifestations following an intervention may
be used to evaluate the program outcome. (See IVACG manual 
noted above.) 

Ease and reliability of interpretation as well as prevalence rates 
of these manifestations have to be considered in the selection of 
the clinical indicaitor(s). 

The diagnoses of night blindness and conjunctival xerosis are 
prone to serious subjective errors, while that of Bitot's spots and
corneal lesions are much less so. Tie very low prevalence rates 
of corneal lesions somewhat restricts their utility as an indicator,
in contrast to that of Bitot's spots, which is almost always several 
fold higher. Unlike older children, in most preschool children 
Bitot's spots have been shown to respond to vitamin A. There are,
however, instances of countries where a significant proportion of 
Bitot's spots even in you ng children do not respond to vitamin A 
administration and are thus not reliable indicators of vitamin A 
deficiency. It is therefore difficult to recommend a particular
clinical indicator for universal use under all circumstances. In 
situations where the prevalence of Bitot's spots is high, it is the 
indicator of choice because of the ease of diagnosis. Though

the presence of Bitot's spots neither impairs vision 
nor signifies

impending corneal involvement leading to blindness, its selection
 
can be justified ,n the grounds that earlier well-controlled inter
vention studies have shown that a reduction in the prevalence of
 
Bitot's spots ran somewhat parallel to that of corneal lesions. In
 
situations where the prevalence of Bitot's spots is low, but that of
 
night blindness is higher, night blindness may be the preferred

indicator despite the potential for subjective errors in diagnosis.
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In such a case, all attempts must he made to reduce diagnosis 
errors. 

Among vitamin A-deficient communities in seVeral countries the 
prevalence of Bitot's spots amo g children has been found to 
increase significantly as age advances. Because the slope of this 
relationship changes as the vitamin Astatus iriproves, this can be 
used to roughlyv determine the effectiveness of an intervention 
program even in the absence of baseline data on the prevalence 
of Bitot's spots. 

lHospital-hased statistics collccted over : period of time, in spite 
of their limitations, can sometimes he used to complement other 
evidences of effectiveness of vitamin A intervention programs. 
Change in the prevalence rates of ocular signs (particularly cor
neal lesions) in children who are seen in ophtlhalmic and pediatric 
hospitals may he used i'i- this )urpose. 
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IV 	 Evaluation of 
Specific Vitamin A 
Intervention 
Programs 

Ihis SCtion CU)\'CIS th1e c altltiolK C)ifl" ( )IleflIS otfOfur types of illtelvlell
ti( lpgranis nutiLti )ductit ion, h()rticUIture projects, food fortili
cation ( nutriication ). and periodic distributin of a large (lose of 
vitamin A. Fo r each intcervention pr graxt, examples are given for the
deflinit ion, i)bject ive, suggested indicato rs, criteria and tirgr.ets, evalua
ti()n design, and a deCscripti)fl ()ft'pes and sou rces data.otf 


A. Nutrition Education 

I.I )linition:
 
Educatio1nl;1 activity co mponent of any project 
 that encourages
individuals, h iLtiSholds, or schools to ISC their resoUrces in a 
manner benclicial toimprove vitanin A nutriitional status. 

2. Objective: 
IOincrCasC the coI)nsinpti Of vitamin A-c( )ntaining foLds. (Vita
mlin A dClCic1ic, iyusuall' as (If multipleCxists 	 pt )a nulrieniideliciency situation and it is necessary to>realize that nutrition 
CeLducatiohn has to ) i i at impro ving 	intakes ( it all nutrien, 

3. 	 Inldicato~rs: 

a. Frequency (O)f cOInsumiIpti(in per week (Ofvitamiin A-containing
)(OIs ;111&01r c'r( ItC-i'ichI foods by speci lic gr()iipS, i.e., the 

proportio{in o)fpregnant and [tctating W\V)(imen and cliliden aged6-30 m(irths eating k>oods co intainilng vitamlin A at least 3 tilles 
pe(r weCk, and the propotiri()inII infants eating vitamin A foods 
hy the age (of12 iIn lhs. 

b. 	CalculaiCd intake ol retin eC(iuivalCnts per day, i.e., the propor
tion Otf pregnant and lactating wonieln and also children aged
6-36 n110n1ths halvIin1g iltakcs IdCqUlte 1t0 meet recm)elnded
dietary allixwances (RI)A), and those having intakes which are 
at 	least 50) of RI)A. 

c. 	Pro(porti(in (ofinlaits and children breast fed from birth to 18 
niorlths, with intervals (o)3 months. 
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4. 	 Criteria and targets: 
,a1. Duration of breast feeding until aige 18 month. br at lea;s , 

Of children, when possible. 
1. 	 ntroductioil ofadClitiolnll foods containing vitamin A (e.g., 

dirk green leat' vegetahles or I)GIV) at age 6-9 months for at 
least 75''6 of tihe age group, three times a week. 

c. 	Vitaniin A intake from breast milk p1u.s other f o ds reaching ait 
least 5,()% RIDA in all prescho)l children. 

There are limilted Cliti a estimate -whetherthese criteriaaililblel 
can be reached h anrd, if tile\' C'anl1nutrition edlucaitiin per se be 
achieved, the timc needed. t nder the guiclance of notivatcd 
workers, SLIccSSCS have heen reported within wars. 

5. 	Evaliliua ii clesign: 
a. 	Choice of design: 

The design of choice is the hefore and ifter comparison of the 
indiciriS )f (LItC( me. When reliahle Im)aseline clata cannot be 
obtained despite all efforts, a comparison of non-project and 

project areas may be considered. ( For details, see Chapter V 
and Appendix. 

1. 	AdequaIcy,' f irnplulinnlt iln: 
Input dlta collected sh Iuld include the following: 
(1 	 ) The nubnher ofcomlunicators trained, content and meth

)dOL(hf' ogvf(raininlg, aind back-up system. 
(2) 	 The numbi1er ofsupet\'iSors trained a1nd efficienc offslper

vision. 
(3) 	 The nmLbeIllr fl nutrition-calC'tinll activities planned and 

exeClted, e.g., gr itp discussion.s, denmonstrations, and 

perso)nal c licts. 
(i) 	 Coverage. 
(5) 	 Time' expoIsIre, i.e., Cltlrar ionL a1nd freluencv' of conlItacls 

betw\'eei comnllilicaito-r alid target groups. These data 
should he collected once every 3--i nonths for tie dura
tilln Of tile stud\'. 

c. 	Adequacy of Ollulpult: 
)ata c(oliecti)n shlild include the fol ving:


(I1 ) l isehlold inlf~lmili:
 

-to 	 di.Stiinguish the effect ofs )cioeconomic aind cultural 

characteristics on response; 
-extended or nuclear family, female- or male-headed, 

education of those in the household, a1nd ocCLU)itions of 
husbind aInL wife; 

-ill I surtlvey of randomly selected louseholls from 
the 	 target populAtion, note participation in program by 
percent a1nd compliiince. 
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(2) Availability of vitamin Aand/or carotene-rich foods in the 
local markets by calendar month. 

(3) Use of vitamin Aand/or carotene-rich foods by the house
hold by calendar month. 

(4) Duration of breast feeding of index child. 
(5) Age at which additional foods are given to infants. 
(6) Age at which vitamin A and/or carotene-rich foods are 

given to preschool children. 
(7) Usual frequency of intake for preschool children and 

mothers (semi-quantitative).
(8) Knowledge and attitude regarding vitamin A and/or caro

tene-rich foods for preschool children and mothers,
collected through specially constructed questionnaires. 

6. Types and sources of data: 
a. Baseline data: 

Data on dietary intakes of women and feeding practices of 
infants and children may be obtained from mother and child 
health service records or from previous household surveys.
Otherwise, the' have to be collected from specially conducted 
surveys. 

b. Input data: 
These cian be obtained from program directors and records 
of educators and supervisors. A sample survey in which staff 
performance and type/quality of activities are assessed and 
which includes cross-checking of a subsample of mothers will 
provide additional data. 

c. Project outcome: 
Repeat survey. 

B. Horticulture Projects 
1. Definition: 

Programs that encourage and support the production and con
sLimption of carotene-rich foods at the micro level (house, school, 
and community gardens). 

2. Objectives: 
a. To improve the availability of carotene-rich foods at the family

level, given the agro-ecological conditions of the area. 
b. To improve the consumption of carotene-rich foods by the 

family, particularly pregnant and lactating women and pre
school children. 
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3. 	 Indicators: 
Although the main objective of horticultural programs is to in
crease the availability of carotene-rich foods, all of them should 
also havea built-in educ.Lti)n comp )Onentto ensure tile COlSulmp
tin olfthe garldellpr)duce. Slne ofthe 'ndicattors used in evaluat
ing horticultur: prograns, there we, will be similar to those used 
in CeValuatin nutritio)n-educLation programs, described earlier. In 
additi ln, thev will have other indicatrs tilat measu re the availabil
itv of the calr()tene -rich to)(.Is. 
a. Number Of' ho0mC, sch0f, HndIor Co )mmunitv gardens in exis

tenice. 
b. 	 Production Of specified cairOtene-rich C>ods, inluding the 

number Of months of availabilitv per year. 
c. 	 Pr()p()rtion h )umsCh()lds eating calrotele-richlH)t ).odsgro-wn at 

ho)me1C, sch(00l, nlll&O )r 'o)mmluniytv gar'dens. 
d. 	 IlenCV O)1C )n.SumtI [)Cper week of vitamin A-containing 

f( )ds aiid(o ) car( tene-rich foo)dS by' alge gr-O hips, i.e., prOpOr
tionl C i lregnant atnd Ilctating W\\mien and children age 6-36 
IllOntlhs eting cain( tene-rich f' )l s at least 3 tinies per week; 
pr powtion()f infaltls cating caore-One-rich ftOIds by the age of 
12 months. 

e. Or, calculated intake of vitamin A per day, i.e., propO)rtion of 
pregnant and lactating women and children aged 6-36 months 
having intake levels adeateliC to meet R)A aind those ha'ving 
lcvels fat least 50'.,, RI)A. 

f. 	 Proportion Of) inlitnts a1nd children breast fed from birth to 18 
months with class intervals of 3 mo)nths. 

4. 	Criteria and targets: 
a. Production of carotene-rich foods for at least 6 months of the 

v'ear in semi-arid areas, and throughout the year if there are 
no constraints, hy 95% of home gardens. For school and com
munitV gardens the percentage will depend upon the project 
objectives. 

b. Consumption at least 3 times per week, when carotene-rich 
foods are available, by at least 75% of the target groups con
cerned. 

c. 	 )aily intake of vitamin A by at least 75% of women reaching at 
least 50' RI)A. 

ci. 	 )aily intake by at least "5% of preschool children aged 6-36 
months, reaching at least 50% of RDA. 

In well-implemented projects it should be possible to achieve an 
increase in the availability of carotene-rich foods in a period of 
two y'ars. 
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Whether increased Consumption of carotene-rich foods by pre
school childr,.n can be achieved, despite increased availability,
within this timeframe is uncertatin. It would depend largely on 
the effeuiveness of nutrition education in bringing a)out changes 
in traditional child-feeding practices. It is difficult, therefore, to 
suggest a timeframe for this component. 

5. 	Evaluation design: 
Cadsal links between project inputs and outcomes are best as
sessed by a randomized trial that is seldom po)ssible to conduct 
in this tyvpe of program. The design of choice is the before-and
after comparison of the indicators Of outcome. When reliable 
bkiseline data cannot be obtained, a comparison of project and 
non-project areas may he c(nsidered. (For details, see Chapter V 
and Appendix.) 

6. 	il't)es and sources of data: 
a. 	 Baseline data: 

l)ata on inf, nt- and child-feeding practices and dietary intakes 
of w(omen may be obtained from mother and child health 
service records or()F) from11 pre1i )us household survey's. Data oin 
the numbe.r and type of gardens may be obtained froil agricul
tural services in the program area If not available fr(om these 
sources, a specially co)nducted survey' becomes necessa'. (See
l\A('('s publication on dietary atssessment guidelines. 

b. 	Adequct ( )f output: 
Dlata oln numbleLr of gardens started and type and amount of 
carotene-rich fo)ds p-0(duced ca be obtained from the re
co )rds of the functio)naries. This sh()UL d be cro ss-checked, when 
possible, b\' actual Observati In aIsul)samAple. 

c. 	 Adequacy of outcole:
 
Repeat surve\'.
 

C. Food Fortification (Nutrification) 
1.l)elinition: 

Programs consisting of the addition of vitamin A to conventional 
foods ( usually processed) to increase the consumption of this 
nutrient by pO)pulat i0)l groLips. 

2. 	 Objectives:
 
The objectives of fortification are:
 
a. 	To raise vitamin A intake as close as possible to the level of 

recommended allowances. 
b. 	To improve the vitamin A starts of the population. 
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3. 	Indicators: 
a. 	 The primary indicator: concentration of serum retinol or RP. 
b. Additional desirable indicators: breast milk retinol levels (from 

lactating women in the sample), liver retinol levels in autopsy 
material from selected morgues, and/or relative dose response 
among a subsample. 

4. 	Criteria and targets: 
The critically low levels and their prevalence are as follows: 

Table 1 

Serum' Breast milkb Liver' 
/Ag/dl Prevalence (%) /ig/dl Prevalence (%) 1g/g Prevalence (%) 
<10 5 n.k.' n.k. <5 3
 

(Deficient)
 
<20 15 <20 15 <20 15
 

(LOw) 

'Generalpopulation.
 
"lactating women.
 
'Preschoolers. 
dn.k. not known. 

Areduction in the prevalence of deficient levels in the population 
to levels well below the critical percentages given as "Criteria," 
in a time period of one to two years. 

5. 	Evaluation design: 
a.Choice of design: 

Because vitamin A fortification programs are usually planned 
to cover a whole country or region, the use of a "control 
(non-intervention) versus intervention" design is usually not 
feasible. The design must necessarily be a "before-and-after" 
comparison of the indicators of outcome. As emphasized else
where (Chapter V), in this type of design it is essential to 
look for possible confounding factors. The most common are 
uncontrolled changes in vitamin A intake from natural foods 
or other sources, and marked increases in morbidity (e.g., 
measles and diarrhea), which can increase vitamin A needs and 
interfere with its absorption and udlization. 

b. Adequacy of implementation: 
(1) 	 Input: 

Efficiency of fortification process at the fortification plants. 
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Extent to which quality standards are met is determined 
by: 

-Control of uniform level of addition of the vitamin;
-Control of appropriate packing, storage, and handling 

of fortified product. 
(2) 	 Delivery system: 

Continuous availability of the fortified food at distribution 
and retail outlets (markets, stores, etc.) all over the region
where the target population lives. 

(3) 	 Output: 
The 	output is the intake of vitamin A contriLted by the 
fortified product Assessing the adequacy of output
involves therefore, the quantitative estimation of its 
consumption, particularly by the most vulnerable groups
(e.g., preschool-aged children and pregnant and lactating
women). Monitoring of this should be periodic at 
predetermined intervals. Extent of coverage is also calcu
lated. 

c. 	Adequacy of outcome: 
Comparison of the indicators of outcome as measured at the 
end of the evaluation period with their baseline measuremenLs, 
to determine the extent to which the criteria have been met in 
the specified timefriame. 

6. 	Types and sources of data: 
a. 	Baseline data: 

(1) 	Concentrations of vitamin A in serum, breast milk, and 
liver; and prevalence of values below the critical levels. 
(Source: survcy of the target population.) Liver vitamin 
A concentrations can he measured in autopsy material 
available from selected hospital morgues.

(2) Quantitative data on the consumption of the food or dietary
item to be used .s the vehicle for the fortification (e.g.,
sugar, skimmed milk powder, monosodium glutamate). 
(Source: specific consumption survey.) 

b. 	 Input data:
 
Material needs:
 
I) Amounts of the vitamin A compound required. (Source

of data: Earlier research on the level of fortification 
needed and the estimated total consumption of the food 
vehicle.)

(2) Number and location of fortification centers. (Source: Gov
ernment or private records. The fortification centers are
usually the factories where the food or dietary item is 
produced or processed.) 
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Manpower: 
(1) Type and numher of trained workers to carrT out the 

fortification process. 
(2) 	Type and number of workers needed for supervision and 

control of all phases and for keeping the corresponding 
records. 

(3) 	 Type and number of field and laboratory technicians for 
the collection and analysis of fortified food samples and 
specimens of bi)logical materials for the determination of 
their vitamin A levels. (Source: Nutritional biochemistry 
laboratorv that is serving the program.) 

c. 	Data oin monitoring: 
(1) 	Continuous records of the 11"l)tlS of the fortified Food 

produced and distributed to the points of access for the 
populations, such as .lmarkets and stores. (Source: Govern
rnent andAr private lanlufacturers' marketing records.) 

(2) 	 Continuous recording of "extraneous" ftIctors that could 
be influencing baseline indicator valuies independently 
of the p-rogrammed input (e.g., vitanin A supplements, 
outbreaks of an epidemic, unexpected seasonal effects on 
availability of dietary sources otvitamin A). (Source: Direct 
observatio n by evaluation field team, records from health 
sector and other pertinent agencies.) 

d. 	Data on output: 
(1) 	Consumption of the fortilied food or dietar, vehicle by 

the target iOpUlation1. (Source: Specific periodic surveys. 
Because the actual vitamin A fortification level is known 
from analysis, the intake of additional vitamin A, above that 
eaten through habitul diets, can be calculated.) 

e. 	Data on outcome: 
(1)Post-intervention data on serum and breast milk vitamin A 

and prevalence of values below the critical levels. (Source: 
Followv-up survey of the target population; data on liver 
vitamin A to be collected fiom autopsy material obtained 
fron the same morgues as in baseline.) 

D. 	Periodic Distribution of a Large Dose of Vitamin A 
1. Definition: 

Projects in which large doses of vitamin A are periodically given 
to children below the age of live years. 

2. 	 Objective: 
a. 	To reduce severe ocular manifestations of vitamin Adeficiency 

and to prevent their occurrence. 
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3. 	 Indicators: 
The most suitable from among the following maN be chosen: 
a. 	Bitot's spots-except in such areas where there is no response 

to vitamin A administration. 
b. 	Night blindness-when Bitot's spots cannot be chosen be

cause of their insensitivity as an indicator of vitamin A 
deficiency. 

c. 	Keratonmalacia-when prevalence of Bitot's spots is very low 
and vet nutritional blindness is prevalent. 

4.Criteria and targets. 
a. A reduction in the prevalence of Bitot's spots by 50% of

baseline figures by the end of one year or to below 0.5%
h\ the end of two y'ears, with subLse_'quent maintenance at 
this level. 

b. 	A reducti ll in the prevalence of night blindness by 50% of
baseline ligures by the end of one year and to below 1.0% 
by the end of two \'earS with subsequent maintenance at this 
level. 

c. 	A reduction in the number o(f corneal lesions by 50% of base
line, as judged by previouslyv c()llected hospital data. 

Earlier experiences have shown that in well-implemented proj
ects it has been possible to reach these levels. 

Population target:

Children bWCtwCn the ages of one and live y'ears:

i.Universal coverage within tprescribed area when there is 

evidence tht;l in practically all regions in tile areachildren 
are at high risk, as defined b\' World Health Organization 
criteria. 

Table 2 
Prevalence criteria (in percentage of the preschool-age
population, 6 months to 6 years old, at risk) for determining the public
health significance of xerophthalmia and vitamin A dtficiency 

Night hlindness (XN) in>1% 
Bitot's
spot (XIB) in >0.5'%) 

tCorneal xerosisicrneal nlcerationi/keratomnalacia 
(X!.'X31) in >0)1 ) 

2orneal scar (XS) in >0.05"i, 
Plisma itaniii A of <0.35 l0ii1oil 

(10 /L'dl) in >5% 

Source: W110, 1981. 
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b. 	 High-risk area coverage when through baseline surveys areas 
which are at high risk can be identified. Asuitable administra
tive unit for coverage has to be defined (e.g., a primary health 
care unit or subunit). 

5. 	Evaluation Lesign: 
a. 	 BecauIsC prevalence rates of indicators may van widely be

t'reen areas, a (n-intervention versus intCrven tion design 
Cannot heI used for evalluation. The design of choice is, there
fore, a befre and alter comparison of the indicators of 
OUtc( )me. 

b. 	AdCquatcy.' of imlelcmCntation: d:ta, t0 he collecteCd include: 
(1) 	 Sufficiency and rCegu laritv of Supl)lies tf vitamin A at the 

distribut ion I)ints, and facilities for proper storage. 
(2) 	 Extent )f C(ver,ge--hOth the ir p1ort itn f ch ildren that 

received (nlie or more doses and the proportion that regu
lhrv receiVt'd all the dses. 

(3) 	 Records showi ng letails (cfchildren, date oftadmin istratiotn 
of tle Vlriotul.'; o(sUs, deCVel t;mnt ofttoxicity after dosing, 
entrv of new children into the program at age one, and 
exit )f childre.n at agC fi\'C. 

(Sources fo)r ab,we three: Ilcalth centers in charge of 
distrilution. ) 

(i) IInderstanding by the futnctionaries at all levels concerning 
the details of the ittervention and its philosophy. 

(5) 	 Commun.ity :aareFness of the intervention with cross
checking of a sufisample of children's mothers regarding 
the actual distrihUtion of supplemental ooses. 

(Source: Specific studies by program managers.) 
c. 	Adequlcy )f )utc( )le: 

I ) 	Comparison of baseline prevatlence of the indicator with 
th:t seen after onc/two y'ears ol'program inplementation. 

(2) 	 If baseline data has not been collected, the slope ratio 
method as described in the IVACG report Periodic LargCe 
Oral Doses of Viamiin A.fr the Prerenltionof Vitamin A 
Deficiec.TaodXerophthlia:A SulIlmafl of'Experie1wces 
can he used, despite some of its limitations. 

6. 	Types and sources of data: 
a. 	 Baseline information on the prevalence of the indicator se

lected (e.g., Bitot's spots and night blindness from surveys, and 
keratomalacia from hospital records). 

b. 	In)ut data:
 
Material
(I ) NUmber of doses of vitamin A available for distribution 

(Source: Program managers and health centers.) 
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Manpower: 
(1) Number of workers trained to distribute vitamin A and 

kee) record. 
(2) Number of workers trained to supervise distribution and 

check records. 
(3) 	 Number of higher level executives trained to oversee the 

program 	and carry out re-orientation courses. 
(Sources for manpower data: Program managers and 

healthb centers.) 
c. 	 Monitoring4: 

(1) 	 Recor 1all aspects of distribution including incidental oc
curreice ,,f signs of hvpervitaminosis A. 

(2) 	 Record all extraneous inputs that could influence baseline 
prevalence data (e.g., supplementary feeding with or with
out foods rich in vitanin A, outbreak of an epidemic, 
impr(ved primiarv medical care) 

(Source: Health centers.) 
d. 	Output: 

(1) Number of children who received the vitamin A is pre
scribed. 

(Source: Health centers.) 
e. 	Outcome: 

(1) 	 Reduction in the prevalence of Bitot's spots and night
blindness; and hospital-based data on keratomalacia by the 
extent 	programmed for. 

(Source: Repeat survey.) 

Table 3 
Summary of interventions, with suggested targets and criteria' 

Suggested 
criteria for Suggested 

Intervention-indicator Target population 
prevalence 
of indicator 

target 
time period 

Nutrition education program 
I. Duration of breast feeding at 

least 18 months 
Women with children 
age 0-3 years 

Increased to 75% 5 years 

2. Retinrl equivalent intake of 
less than 50% RIA 
(including breast milk) 

Children age 6-36 
months 

Reduced to 2.5% 
or rcduced by 
50%6of 

5years 
1 year 

preintervention 
level 

3. Introduction of carotene-rich 
solid foods by 12 months 

Children age 6-36 
months 

Increased to 75% 5years 

(continued on hartpage) 
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Table 3 (continued) 

Intervention-indicator 

Horticulture program 

1.Participation with adequately 
developed homle garden 

2. Production of,pecified 
carotene-rich foods in home 
gardens for 
a) at least 6 months per year 

in semi-arid areas, or 
1) 12months per year if water 

supply isavailable 
3. Consumption at least 3x per 

week of specified carotene-rich 
foods from home gardeis 
a) at least 6 months per year 

in semi-arid areas, or 
b) 12 months per year if water 

supply isavailable 
4. Retinol equivalent intake of at 

least 50'!,RI)A 

5. Retinol equivalent intake of at 
least 50% Ri)A 
(including breast milk) 

Food fortification 

1.Serum retinol <10 /ig/dl 

2. Serum retinol <20 Ag/dl 

3. Breast milk retinol <20 /g/dl 

Target population 

Families/households 
with land-use rights 
l:amiliesthouseholds 
with land-use rights 

Persons iii families/ 
households with land
use rights 

Women of child-
bearing age in 
families/households 
with land-use rights 
Children age 6-36 
months in families! 
households with land
use rights 

All ages (0-3 years 
least likely to benefit) 
All ages (0-3 'ears 
least likely to benefit) 
Lactating women 

Large periodic dose administration 

1.Bitot's spot Children age 12-60 
months 

2. Corneal lesion Children age 12-60 
months 

Suggested 
criteria for Suggested 
prevalence target 
of indicator time period 

75(1% 2years 

75% 2years 

75% 2years 

75% 2 years 

75% 5 years 

Reduced to 5% 2years 

Reduced to 15% 2 years 

Reduced to 15% 2 years 

Reduced to 0.5% 2 years 
or reduced to 50% 
of preintervention 
level 
Reduced to 0.01% 2years 
or reduced to 50% 
of preintervention 
level 

'For suggested time frames, see text under appropriate intervention. 
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V Designs for 
Evaluation Studies
 
and Sample Surveys
 

A. Introduction 
Evaluation of vitamin A intervention programs, including general but 
(1uite relevant emphasis on epidemiological, statistical, and samplesurvey matters, has been discussed in earlier IVACG publications. Some 
of that material is reemplhasized here for the convenience of tho, e who
ma' wish to use this maltnual as their prinmary guide to ev';luati. i. This
chapter expands UlpOn the l)revious materil with additional concepts,
detail, and examples so that it may servc as a resou.ce for nany
:aspects of planning and exaVluating vitamnin A intervention pt ograms.
Nevertheless, those responsible for evaluation must take proper ac
count of and adjust for the specifics ,Ol the local situation. A statistician 
or epideniolOgist with experience in sample surveys--1 referablv in
the countl' or locale where the intervention will be done---shoul! be 
a prominent member of the project team. This will insure appropriate
implementation a11 evaluation and emphasize s,)und epidemiological,
statistical, and sample survc methods. 

Evaluation nma be reqluired because the intervention is untried,
because its efficaq has not been documented, or because the interven
tion is in a new sctting or on a larger scale. In the first two situations,
emphasis is more on research and new knowledge, and in the third
the interest is in whether the intervention can be adequately imple
mented or delivered with results as suggested by earlier studies. Al
though components and methods of ouantitative evaluation ,re similar
for all of these situations, the emphasis here is on the latter. 

The c,'edibilitv of the results of an inten,ention program de
pends on application of appropriate statistical methods within thecontext of the overall stuId' plan. While not all of the elements of the
study plan are part of the statistical design, the care with which they 
are done will affect the quality of the results. 

B. Study Designs 
The choice of statistical design for evaluation of the effect of an interven
tion will depend on the type of intervention, the availability and quality 
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of demographic and pre-intervention status data describing the target 
population, the feasibility of obtaining additional demographic data, 
the feasibility of conducting sample surveys, and country or local re
quirements concerning the scope of the intervention. 

The objective is to establish with as much certainty as possible 
whether the vitamin A intervention is producing its intended effect or 
outcome. This requires measuring the magnitude of the effect while 
ruling out other explanations for the results. These other ex)lanations,also called confounding factors or competing explanations, may be 

very specific to a given intervention program but include some general 
processes outlined below. 

1. Natural or spontaneous recovery from a condition may occur, 
e.g., Bitot's spots, in addition to recovery influenced hy vitamin A 
intervention. 

2. 	Long-term commnity trends m av produce changes which inflate 
or inhibit the effect of intervention, e.g., adverse weather condi
tions that reduce tile normal availability of nutritious rods. 

3. 	 Short-term events may also inflate or inhibit change, e.g., disrup
tion of normal food delivery systems by strike or natural catas
trophe. 

4. 	 Different age groups may have differential responses to the inter
vention. 

5. 	Participation in the intervention may be related to propensity to 
change, e.g., high-risk children (those who are ill) may not come 
forward to receive vitamin A capsules. 

6. 	The presence of an intervention proram may bring other health
improving benefits, e.g., the increased presence and activity of 
conmmnity health workers giving vitamin A capsules may pro
mote additional access to general health care or to nutrition 
education. 

The influence of confounding effects may be accounted for through 
the use of a control group, that is, potential but untreated targets for 
the intervention who are otherwise comparable to)persons participat
ing in the intervention. Comp)arability between intervention and con
trol groups means they should be similar in composition (age, sex, etc.), 
in experience or time-related processes, and in disposition toward 
participation. (If acontrol group cannot be constructed or confounding 
effects cannot be sufficiently removed, statistical adjustments may be 
used..) 
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.tlt'lbdu1014ft'.%ie, .11Orljlo h1 Vilcj Ilf'Inter'tlli I(J'r(1msA 

Thle O~lCOlll O)f 1l initerveliti)l is a1chanlge il tile level of a 
rIleasl.r'alile l'rialelu, such s a chaige in the ircent of ililch"ren witl 

Bitot's sIpots. Several commnll statistical designs 16r meaesuring out-
CO)t of Vitaniii A\ ilnlCl'nt io!n, nl l ir eki'Cltiolrishil)s illt\' Ibe de-
SciribeCd withl i Of 1 , \'iwith leVilci't ir lt., of lit()i'*s
slp.)ts as an exinil)lc. I, is the chatnge in rl-er.valencC, il the interventionl 
g( u-, fr l)fll- )", h ) ilf-te.' illtCrVlli i )i tW 1i )elfit "inlf )rnlatinol 
Otn Co ) lf( )uLclilii fict )15. -, is the liffelrence il prev'ilence I)twenllthe 
inlterVenrtion. g( Ia 11 11IC it gr()uLp. l,, - C', is the diffeencce 
betweel tile intAVli ll gt)ul)'s chanItlge in prevallnce an(d tile co(ntr li 
grtop)'s clhainge in el CIring thimeSa itme peri(<il.ncellC 

In a tru exerirental clsigni (at randomized experiment
or"trial ), ilnterveltti()ii is randiiilsv givel 1(0 (0rWithheld froml pe()llS
01 units if tihe tlgeCt p)opulat io n 1() cIrea1te, tile illtCr'n1tiol and control 
glups; 1\ - (:M measure ie nt efect f i ntervenll t iT iC: and eftcct, of 
ci )nft)lndiig ac1t1irs will he, mililize'd. Rll(i mlizel trials are usuill\' 
restrictel ti siall-cS'l i ct c()\'.illg ()Illy it i-t Of it p)otentialn 

targe_'t pplalttitil: are1-C n )t feIsiblC ill atreas whiere : intervenus.ually 

titt llnhas beell in latce! fiw .stne time: Iav be t.iniCCUitle) (M l)Olitical,
 
ethical, (0rlegil gl()lndls ad(.Iare1
1xp1en.i\e. 

\ppiximatt i (nslalternatives to the raniclmilizel (esigl. (o 
u.i-x rimnt-," cinlpr(Ivide rsuslt, flrC fi'ml ln collf0olnding
 

l)rcO"CSS.S if they are properly condicted. First, constructed controls
 
ma' be u.Se(. in sitUtliIs where tile intera'vntin I )r2,'arii hI.S atleady

begun (r Where1 iltrvn i t musth bC delivered t(0 I1 membel-rs of at 
designaitedl urlin (.., All clilIdren in t village ). "lhese c()rlt rt ls arC 
sUlectCL S( thatt tile\'are oimp"larain-ible inl essenrtial reslects to tile inter
velltih)l gr'()lp, e.g., iiltervelltitn is witlihlelI fr(lll cliildrenl in : c(inllp-i
rible village. l*ractical Co)sidrlaiti issulll\ lCai to maltching groiuls 
Oin aggegail ic chterit'icsaithiC e that 0i ilividual chlratcltCristics, 
e.g., ma;Itchiig o[n a.verllge a e rahellhr than1l rqluirinliltg thle sam numbe1)(r
Of threl-ear- IcliCiln in Iitli gi1-()S. 

Charte'ristics useful il de(!vising coinstructed co1o'0l groul),
inIcluCC tlosC dcripltivC of1 hlClindiilsll (e.g., IgC, sCx, Cdlucltion, and 
hilt i-iar.nirs such ais, he'ight nCd weight), f'lilOushlc lS (e.g., 
nilliier f(1chilCren, S(Ci( Ctl()i( Miiiic SLtt ()ctu ethn icit\' ), and1CI ItinIIi
tie!S (e.g., )()Iulaitin)t sizC, lindl a .rb1,'ral/i.A). A , laCslles tile 
effect of interiveltiol for Ihese cllrllrCllt .)ii-ols. A variati( in in this 
CCsig , I)ut onC Wilh mor01-C dlifficuhlt, iln iliMrp1rtaLtio)n Of resultUs, ill
chiles historical controls whose chaicteris-tic,s ireccl the periocl 
)f tile il telvelit inlp(l zii llndniav be kli)n. 

Secollcl, )ers s ill slerveis thcir ow\vn coiti-ols iii a before
and-after interventiiii design, wherle I, llilaSll'S the effect Of iliter
ventnion. TiiCm-rClatC coill )UllCuillg ficti's are es)eccilvi relevaiit here, 
ilncluClilg the sinil)C fact of c1haingC in agC dlur'ilig the iprograln. 

Il i0ii-expelril nlital dsCigns, statistical adIjuStmentS or statisti
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cal control may he used ill the C(11nl)n Situation where control 
groups Cannot he constructed or when the design is insufficient to 
remove confounding effects. This may be done through a cross-sec
ti( )al stud' Or survey, in which those wh(o did and did n ot participate 
in (or receive) the intervention are identified, and info rmation on 
)OSSiblV Co)nfounding Variables is collected. Adjustment for relevant 
differences between participants and n on-participants is oIne by statis
tical techniques. The effectiveness Of this adjustment is limited' by the 
need for prior kno wledge of relevan1t ConfouMtndilg varilles. Ilhwever, 
the effects <of self-selection (differential reaso)lS for participation and 
n1-p~artiCipatio n )are usuallv not amenable to removal from estimates 
of intervention effect. 

Actual implementations of intervention programs permit and 
benefit from a combination ) co ntrol gr ul)S and statistical Control as 
a mixed strategy, hut this appro)ach requires special skills in statistical 
analysis and access to computers. 

Anon-experimental design of a distinctly different nature is the 
case-control design. While the designs mentioned so far proceed 
from cause to eff(ect, the case-coltrol design proceeds froml effect to 
Cause. Cases ofthe disease or condition (e.g., children with xerophthal
mia) are compared with n n-cases or contr)ls (e.g., children withtt 
xerophthalmnia) with respect to a current O prev)ious study flhctOr level 
(e.g., receipt of vitamin A su)plement ). TO obtail an odds ratio, the 
odds of cases having received vitamin A is divided bv the odds of 
controls, who have also received vitamin A. This odds ratio approxi
mates the relative rate of the disease (xerophthalmia) along those 
who were exposed to the factor (e.g., vitamin A supplement) compared 
to the non-exposed (e.g., did not receive vitarnin A Supplement). 

A major advantage of the case-control design is the smaller 
sample sizes required when prevalence of disease is low. Selection of 
representative cases and controls-on the basis of their disease status, 
rather than their intervention status-must not be influenced by their 
intervention status. A disadvantage of this method is that the result is 
reported as :I ratio of odds, or approximately as a ratio of risks or 
proportions, rather than as a difference between proportions which is 
more familiar and more readilv interpreted. The case-control design is 
displayed in Figure 2.Statistical control or adjustment for confounding 
factors is also possible here. 

C. Sample Survey 
Evaluatio n of vitamin A intervention on a moderate to large scale, as 
in regional or national programs, requires one sample survey for the 
constructed or concurrent controls design and for the cross-sectional 
statistical control design, and two sample surveys for the before-and
after design and for the randonized trial. 
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ile )rincipail steps ill: 	 are assample stllUrveT' llows: 

1. Objectives of the survey should be cleairl\' s:ted and should 
gtiide tihe detiils )f ilalnniilg the survyC'. 

2. The population to be sampled is defined and generally shluld 
Colhlcide wilh Ithei )Ptiulal li(l a( )tlt which ilnfOrmllaitio)n is \allted 
hiletarget p)) l a)Ulti(i)i).
 

.. 
 Data to be collected sh )uld be relet'\l to the p)urol))ses of the 
StNey tl sh)tld( )l11iilolesseniail datal. 

i. The degree of precision desired must be d'e(eidte'd. 

5.The method of measurement ischosen (e.g., intervie\w or 
exa1mi natiol ) and theu rve\ instri imlent )rlata c )lletion forilmuti be i~repa:redl. 

0,. The sampling frame, a list () lllitS t)be sailpled, is describeed 
)r crealedl. 

- The sampling plan ischosen, with saml)le size estimliated from 
the pr )peti ftI tle lai ald fro )ni kin \\'lclge of the degree of 
Pirecisioil required. 

8. Pretest the SLr-ey instirulent anld ficld i1etihoads. 
9. Field work is rinnized and tlhen carried out. 

10 	 Summary and data analysis ire done, ilncludling editing of 
dlatl f6 il.s. 

Asampling plan i.t rtilC 1t)i"dr'l\\ing a saiml)le friom a target,l popula
io n. with a pi )cedurle for liakiing esliniates of po platin characteris

tics fr-on the 	restilt.; ( )f the sapille. TO) be useftl, aln estim1iate 11ist b 
representaive ( )f the enltire trget p( I)tlltion alnd mlust be stlidCenlly'
clh)Se 1)the trle iul llknl(l p( pii fation chiaracteristic. 

Stratified, multistage, cluster sampling is recomeiltnded is 
ap ractic( . ind eft cci\e saulpling scheme illeVAluati mofvitamin Ainter
velti()lls. T')begil, the tlarget ipO )utolalo Wn is divided or stratilled into a 
Inltiue)Cr )fpalrlS cal led strata ()n the basis ofsoiecinven ienlt clharacter
istic sollhatnmembers 0)fthe :iratl ire h( gene()us fr that chiaracter
i tic (e.g., ull'bain an ii lural, large alnd salll pro)\'inces ).Stratiticatio)n tiliS
tllv ilul-(\es and rarely reduces sampling accurac. In the first stage,

Ceich stralltim is di\idced inito primary units, \whicl are colveniient ad
i1inistrativeUtin its mz)erate s)size (e .g., districts), ald asample of these 
prituarv tllilS is takeni. At the second stage, a sampil)le of secondaryunits (e.g., \'illages )is taken within each selected prhiarn' unit. If villages 
are siual l,the pri- )ccssmay\stol p here, witlh villages being the: finail cluster-
Ullit seleted. Often ihere will be a third stage, in which a samnpl)e of 
I)t1ISellols is takei within eacl village selected. Prolbabilities of select
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ing p)rimnary, secondary, and tertiary stage units can be determined, 
which may,\ simplik' calculateon of results. These and other concepts of 
samlle design are expainded in the AppIendix. 

Although establishing a sanmtpiing plan and estimating saml)le 
size requirenents are very important, tile other steps also require 
close attent ion)l, as the qual itv of the Sulre" and ulthiatelv the credible 
11llSUrenient of the effect of intervention delend on then. The sLrvey 
illStrumlel'ts nuIst be carefully dee\lol)ed, tested, preptred in the local 
lalgUiatges, and printed in a folillat which Ca111- be effectivel\' ised by the 
field teai and ill compIuter entn ind Clata ,anal\'sis.While exanlinltions 
and interviews should be as brief as poss.ihlC, they should also record 
sufficient informllitln )il 'onf)Llndling var-iables to pe~rnlit statistical 
idjustnent for gt(" u col"n)aabiliL'N. Field teais mUS tthe ade(alite in 
size, numehtr, com)osition, alnd traliniilg. I.ogistic sippl)oirt mu1tlSt I)V 
estahlished, e.g., trans)ort and dCl:lilN' Sip)oit of tile held te1am, aid 
irinting, dist ribi ,tion, and co llection of clata Orns. Residents of a 
Sui-v area shlld be inforned Of the i)urpl-)ose of th-' survey, and 
the coolperatin of \illage leaders and local health wo rkers 11ust be 
obtaiinld. Field tIalllS mil)St follow closely thie samllple selected and tile 
i)rescribedlnOCrcet.rtes, to av(oid intl( )ducillg additionil conlfoundin#g 
alld ilnlcuCLu ie-s. 

Figure 1 
Indicator (prevalcncc of Bitot's spots) 

Before After 
Intervention Intervention 
Program Program Difference 

Intervention 
Group IB IA I = -I V 

Control 
Group CB CA CRA=C 5 - CA 

BIl=ACA,- i, A 

Program Net Effect = 11,- C,, 

1, C, = prevalence of Bitot's spots before intervention program isbegun, for intervention and control 
groups, respectively. 

'A C,= prevalence of Bitot's spots after intervention program iscompleted, for intervention and control 
groups, respectively. 

Tsed in nonrandomized "before-and-after" designs. 
tt'sed in nonrandomized designs with constructed controls. 
#R:sedto measure intervention effect in randomized trials. 
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Figure 2 
Case-control design: Sample of n, cases and n2 controls 

Cases* Controls 
Exposuret 

'T[a! 

Yes 
No 

a 
c 
l 

b 
d 

OR = odds ratio = (:t/c)/(h/d) = ad/bct 

*Cases are persons with the disease or condition, e.g., Bitot's spots; controls are peons without the 
condition. 

t Exposure here means receipt of vitamin A,or participation invitamin A intervention. 
+0R < I means inte'ention iseffective, i.e., reduces risk of Bitot's spots. 
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Appendix'
 

Introduction 
The I)tl)")SC ()I his secti(ll is to fttlii iariz.e th()se wishing Itoco ndICt 
'I h( tisteh(Ild su iVC.y RL12vlutc a vitavilain A intervention program with 

Ie IIMi Ii i.SSucs, iI sdI t1pl 1iii 'iit\ \desigI. I wiI!Il tlhl(V51ul'eV direct( rs
anrd Ill-:iit(s t I c Illil) It' t el'ccti.el\ . with salliig' ,X-)erts inlr 1 

Ole de.sigi 
 Aicd select ioll (Ithe saniptle, aid 1istO allow themn to Cot)rlduCt

•5(Wie Sail-,ILe sec't I w S1sa l surV.es. l:iarge scale Surveys will re
(julirt the ,Xpertisce t)fla sa1m)ling stat iSticiall in llost, it'not :ll, phases
Otil tIc ign and selCctio. 

I. Sample Design 
,S;laljing de.signihs perhaps the most highly developed theory among
the varitus at..;lC.S Of the survey design process. Nonetheless, sample
LCsigl, ats with n Iv designl activities, calls tlor the exercising of a
Ctllsidceratle de.(gree, Ol judgnient in deciding the appropriate choIice
Of dcsign fctatireVs best suited ItJr a,patrticular prolcmr. [lhe Ied for
e.xpclrt judlgment makleks the de2vel1ipment (la recipe l6wgeneric sample
dCsigils difticul to Slpecilv, even 1Ir a1specific prl)lm SuCI :Is the 
2V~ALAtuill (dt vitanil A iil'iUerentiols inl I l Salle)]a()t)tlkttiol. dCsigr

deCeii(de,nt tleis higlyl , Oit1 setlilg tI tile Slr.'e.v ancl the 
c 

types of
illrn(liatio In aailble I( r the pt Ipulatti( ln t I ll urvyd. There is noI
Samle1lC design ctt)kl)( )( k tll! aideuatic l ilticilpitCS tile dIive!rse Slr'e\" 
settings and l)pulalt i( 1in5, I"r which :asa-lple is nelded. 

The sectiti Intbgins with a descriptition (if thel mtj( w steps in the
,tlmlle design and selectio i()i*)cC.S kri I a . "l'his islhtullSe(!l ldsitx'. 
l011lh wed b\ a di.cuss.i(ln O)f.liseveral sample design principles and the
descril't i t if ILlur g eneralfeat (if ever'r samle dersdesign: ptpUi kititln 
specilic.atit>n, comnidCratlit in (I de!sigI constlalint.s, sail)lng frailes, and 
strat iiictth l. Aln xaiMple, ofla nitistage sample design selected with 

Ihi, \p 1 ; I\ iWC klt Iix \\,,i,, l u_421) I'p ,. I 1,I i tH ; .M\iiI 'Ihni). 
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varing probabilities of selection then follows. This example is in
tended to illustrate the basic techniques that are needed for sample 
selection in a developing country. Finally, there is a description of how 
estimates of pr )portions or rates and their stladard errors can be 
calCulted from data collected in the example design. 

Overview of the Sample Design Process. The basic problem 
of sample design is to find a design which minimizes the error of the 
estimates from the survey for a given fixed cost of conducting the 
surve\'. The design process in sone ways resembles the economic 
problem of res)uirce alloction: how to allocate the limited resources 
of the srve\' (i.e., costs) in order to minimize the error of the survey 
restlts. The cost of co>ntr)lling one source of error in the survey results 
must be compaIred and 1()ssiblv traded against the cost of controlling 
another S)urce ()f elo~t)r. 

The design Hnust take account of additional constraints on the 
surve\' besides cost: geogralphic, organizational, and persornel con
straints which are part of the overall survey problem. Sampling theory 
can be used to guide the choice of design options which will minimize 
the et'rw under these \',lrious constraints, but lack of qu-lantifiable 
information Often requires the exercise of judlgment by a sampling 
expert to decideC which c )mbinaltion of design features is likel\, to lead 
to the most efficient samiple design. 

There are several steps in the sample design process, many 
of which overlap with those in the general survey design process. 
These steps are not necessaril\" sequential in llture, but most sure\' 
designs will follow each step in aplproximatelyv the order indicated 
here. 

The lirst step is to specify the survey objectives clearly and 
fully. This step likely will include specilication of some limited number 
of variables, Or even a single variable, for which the error of the survey 
is to be minimized. Since the survey is likely to inclIde a large numl)er 
of variables collected simuhlane )uslv, ninimization of error for all 
v,lriabhles collected in the survey will not likely be possible. In addition, 
knowledge :a)out the error and cost parameters needed for the minimi
zation algorithmls derived in sampling theory is likely to be available 
only when : similar"survey has been done before in the same location 
or country. Often tht_ detailed knowledge needed to perform the 
minimization will sirnaiy not be a:ailfable. As a result, practical sarnple 
design is sometimes completed with limited use of the theoretical 
minimizat i n techniques a'alilale. Fortunatelyv, modest departures 
from o1timum solutitons often do not result in major losses in design 
efficiency, and nearly optiml solutions can be used withlout large 
losses. Some rough, "bick-of-the-envelope" calculations based on 
theoretical methods may be empli)\ed to obtain a design that is at least 
llel* O)til)unil fo)r a given iproblem. 

Closely related to specification of strvey objectives ,ire two 
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other steps: the specification of the population and a consider
ation of design constraints. An intent to examine children in a 
program intervention area must be translated inato detailed specifica
tions about tile nature and extent of tie populItion. Tihe populatiol 
specificattion, as well Is tler design featturcs, t' also b~c mod.liied 
given the constraints under whicl the samIple must be desigi ed. 

Often at the samle time ,as these specification and corstraint 
consideration steps, the maitterials for the sa-imple selection are being
oC(llected. Referred to is the sampling frame, these materials ii' 
include nlapS, lists of units of Virious types, and fi)lrms for collection 
of datt ab otmt other ty pes ()f units. Once some or ill of tle sampling
friame is collected, specification of sample selection techniques 
can take place. The teclniques typically include stratificattion, varyxing
pro)Nabilities (f selectin, aind ultistagc satmplilg. At some point iflur'
ing the survey, there will be a need to make a selection of house
holds and persons, prbly perftrmed b\' SurvC' staff in the field. 
Finally, the staple design process includes data processing and 
estimation activities at the c )nclusion of data collection. 

TimS, tile sample design process is :an integral featuire of tile 
enltihre sn'e\' fri specilication of )bjectives and populat ions to final 
estition iand report writing. Befo we descriling several of these steps
more fully, it is useful to discuss several samnple desigl prinlciples thlat 
underlie much prtctical sample survC\' design. 

Sample Design Principles. S:amples selected aplazardy or 
samples of convenience are not preferred by survey pr.tctitioiers be
cause it is diflicult to control iany types of error in such surveys. It is 
also impossible to estimate samplirlg errors for them without strong
assulptiols ab(ouLt tile nature of the populatin. A preferred approtach
is probability sampling, the selection of a sample in such a vav 
that every populattion elelent has a knowr nonzero chance of being
selected. Wlhen probability sampling mletlods are used, the error of 
saimple estimates that occurs because only i sample and nlot the entire 
population has been examined can be estimated directly from the 
stmple results alone. I'robalbility sampling requires careful application
of the principles of sampling theorN to assure known and nonzero 
chances of selection for each )opulattiorn element. It is one of several 
reasons why the expertise of a sampliig statistician should be sought
in the design of satmple surveys. 

Given tlhat each populatiorn element will lave at known nonzero 
probability of selectioni in such designs, the practitioier can introduce 
unequatl pro)abilities during the course of selection in order to "over-" 
Or "under-sample" designated populatiol grouips. '[his orover-
under-sampling may be useful for providing larger subsamples within 
the overall sample of imiportmt populattion sulbgroups for m(ore de
tailed study. l)eparture from equal probability of selection methods 
(often referred to as epsem designs) reqluir-_s that adjustmenits be 
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made in 'hen subglroups ,Whichhave beel sampled at different 
probabilities are combined to form overall estimates. The adjustmert 
)rocedIre is made tirough tlei use of weights applied to survey ob'ser
vations. WVeighted estimates are more difficult to make than unweighted 
Cstilates, and survey practitioners generally prefer to use epsem de
signs anod avoid weights in analysis. 

Sampling for p)O1]lkItiorls with an available list of etch element 
of the p)pulation can be a straightfOrward task. -lowever, household 
survey's in most countries of the world do not have the luxury of a list 
of Iouseholds from which to select the sample. Worse, it would be 
prohibitively expensive to create suchI a list just for the puIposes of 
sample selection. One pir,cecduire Whichlcan be used in hIousellold 
surve\'s we'n lists of huOsCholds are not availablhle is area sampling. 
Instead oft samrplilg ho1useholds directly, a list of areal units wlicl 
covers the geograplhic extent of the target po)ulatiorn completel\h is 
,assembled as a saipling frame. The arel units are themselves selected, 
and households withir selected a'eal units are then listed and selected 
for the survey. Lists and m:ips of such areal units are often readily 
avilable from a recent census, and there are typictlly counts of house
holds or similar un its ft r each areal un it. 

Arca sampling is usuallh combined with multistage selection 
to introduce further ec )omies in samfle selection. Once , selection 
of areal units has been uviMde, further sampling activities are conducted 
onh' within selected units. The further sampling may involve selection 
of additionlal areal units within the selected areal units, or it max' consist 
of cr'eiting lists of fIuO n iits, lists flomusChMds within the selected aeCal 
which a1final sample Of households c: be selected. EIach successive 
stage of saminpling after the irst is limited to units selected at I previouts 
stage, reducilg tile am1OLun,t of listing of units that much be done it 
each stage. 

Population Specification. The specilic:tion of the population 
to be surveyed is Cssenti:ll to the proper conduct of a.sur'e\'. It is ;anl 
activity which reqires a good deal more effort than may be at first 
apparent. "[e )O)Ulation ulits and extent of those trits lust be 
sl)ecified together with the content of the survey measurement:-; which 
might be apil)lied to them. For example, a survey' to evaluate a vitamin 
A interventi n pro)gramu may' specify a populattion consisting of all 
children (the units) ages 6 iionths to 10 y'ears residing in a four 
province program target area (the extent of tile l)o)pulation ). A further 
specificatioln wouiild be that the children's physical condition will be 
examined through such devices as height and weight measures, pl)Ls
blood will be drawn for serum vitamin A level assessments. 

The survey may av\'e ailready specilied in the survey objectives 
that estimates be 1)tOdticed for key sulbgroups. The populatiol specifi
cation should clearx' indicate the need for additional consideration of 
cert.in sulbgroL)s of the population. 
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The population specification must further specitR tie time pe
riod duing which the observati is are to be made. This may also
iiidicate a clate for which inerences tb OUt the pOlipu lation a-e to be
 
nilade. For exanple, the children may be exaniined over :"specified
four riibth perioiti requ ired foir cimpletioin (A'data collection, while
findings are intended to refer t(o the entire pOtiulation of Clildren as
of the liiidpoint of the data co lle_+tio i pCri(od, despite the fou r 11o1itli 
data Collection puritd. 

\Wh0n the actual dta.,1i Coll,.ct ion takes place, Slrvey team1s mav
find that some 01f the eligible pipulati(i whL) usul lv reside in sample
1iusehoIlds are n it present at tile time if the surve\', Furtiier, at the 
time (l"tie survey they ma[ lind guests who aire not Isu;ll residents of 
tWe hiouseh ld. T"lwo dCinitions are- used to assist surve\y teamls inl
determninug who) is and is ii)t to be examiined: defticto ald detlre. 
The d(c to p1t)ulati u is the o1nC currentl\' living ill the household,
whether it is their usul residence orI" not, while the def'/Me population
is the usual residents ofthe sanIple hI )useh( lds. For Most surveT\,s, the
d/ jure definitio i is pr'crred, because it lVoids poteialtiouble 
cohutiny, of persons that occurmiay tinder tie (IC.fiCo definition.
t'nider tile dejure d.cfinition, persons w,'ho are not preserlt tileat 

tiie of,exaniinatiotn are considered nrimrespondents, while guests are
 
considCered to be ineligible l'for
die surv'e. 

Design Constraints. Constraints on the survey may be im
posed froma : variety of sources. 'These include a limiied budget, 
aliiited ti iie perio d f r dfata CoIllectioin, :Id the quatlitv of the personmel

t( ibe used [Oi data collection atnd pr cessing. Each wvill impact
have an 

ii Imn\'diffelrent aspect (if tie sur y.


For exaiMpi)le, the sample size Will he greatl\ inlfluenced by the

Ibudg t aV'ailable for the surve\'. The larger the total sample, the more
 
precisely will survey estimates reflect actual population values. But thesutA'Cra\y atISI need to privide precise estimates for subgroups of
the p( pulation. There arU two basic approaches to handle greater 
precision for )opu lation sulbhgrouls: larger overall sample sizes or anover-salmipling Of the S 1bgrolu ) itself. The extent of the over-samplirg
will be a major deteriiinanit of which of these two approaches will be 
applied in a givCn situati(in. 

Sample size will also be inftlienced by the joiit effect of a
Iixed budgt2,et, a limited dlata c illectioin l)eriod, and the qtuality of the 
personmel. For example, to the extent that the persoinel are iiot wellsuited to0 careful data collection tnder fielci conditions, errors may
()ccur which verwhehii the samlpliig error for all but the smallest 
samples. A vitamin A iitervention prograni worker employed to list
hotUsuhOilds fbr an evah:tation surve\' may not be aware of the impor
tance of listing all hotusehiolds ill agiven areal uiiit. Through oversight,
tir even deliberately avoiding hard to reach portiois of an areal unrit,
the sample selection can be seriously biased by a poorly motivated or 
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trained staff member performing low quality work. Asmaller sample 
is preferred in such situations, with tile budget saved by collecting data 
from fewer subjects used to improve the training and -,upervision of 
the survey staff. 

In many situations, seasonal events may constrain the period
available for field work. Data collection must often le completed 

between two rainy seasons, or important holidays such ".s harvest 
festivals may make data collection virtually impossible during portions 
of the \,ear. At the same time, a survey organization may want to spread 
the data collection over an extended period to limit the number of 
field staff needing training or being borrowed from other project 
activities at any given time. Care must be taken to assure that scheduling 
does not cause the effects of seasonal trends in disease occurrence or 
seasonal migration to bias survey results. 

Sampling Frames. The choice of specific sample selection 
techniques is )erhIaps most importantly influenced by the types of 
materials available for sample selection. The materials may consist of 
lists of units such as large and small geographic areas, addresses, 
households, persons, or registered or eligible voters. There may be in 
some settings a large variety of materials from which to choose, while 
in others the choice may be extremely limited if not nonexistent. 
There are a number of characteristics which should be considered in 
choosing or developing a sampling frame for a survey. 

The materials should be complete, covering all units in the popu
lation of interest, and they should be as up to date as possible.Each unit 
on a list shouIld only be listed once, since duplicate entries allow agiven 
unit multiple chances of entering into the survey. Further, removal of 
duplicates can be an expensive and difficult task. The units should be 
clearly delimited to avoid confusion in the field about whether subunits 
are to be included in one unit or another. For example, to reduce confu
sion about whether or not a particular housing unit iscontainedwithin an 
areal unit, the boundaries of the unit should follow relatively permanent 
physical features that are readily recognizable inthe field. Finally, materi
als which provide ancillary data about the units which might be useful in 
the saml)le design are preferred. Maps of areal units are much more 
useful if there is accompanying population and other data about each 
unit in the p))ukltion. 

For area sampi.", the sampling frame will typically consist of 
maps and accompanying data about the geographic units defined by 
the maps. There may be several levels of units defined by these maps: 
provinces, districts, subdistricts, villages. A choice must then be made 
about which of these units are to be used in sample selection and 
which may be ignored or skipped in the selection process. This choice 
often requires careful judgment about the relationship between the 
size and other characteristics of the units and the sampling and other 
errors which will arise in the final estimates. 
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Ultimately, these m iterials will provide a set of areal units from
which the sample of house iolds and eligible persons must be selected. 
The selection of households and persons will require the creation of 
lists in the field. The am( unt of listing that is to be done dep2nds on 
design constraints such '.s the quality of survey personnel, the survey
budget, and whether tle same materials might )e used for more than 
one survey. Lists of Lousing units may remain useful over extended 
periods of time, bu, lists of per:ons will become out of date rather
quickly. In most cascs, the listings will be returned to a central location
where checks can be implemented and a final selection made by
trained personnel. Lists of selected households, together with clear
instructions on how to handle problem cases, caln then be returned to 
the field for survey data collection. 

Not all data collection acuLvities ma' need to return listings to 
a central location for processing. It Would be poor surxe\' practice,
though, if a list of some type were not prepared at the last stage
of selection. For purposes of quality control alone, careful listing of 
households or persons must be completed at some stage of the sample
selection process.

Available material, from a recent census may not provide units 
that are small enough for listing purposes. In this instance, area sam
pling may involve the creation of areal units, a process that r'quires
consideration of such issues as clear demarcation of unit boundaries,
geographic size of the unit, and the availability of ancillary data for the 
units. These considerations involve much of the "art" in sample design
and surv'ey practice. 

Stratification. Stratification is a sample selection technique in
which a population of units is divided into subgroups or strata, and a 
sample is selected independently from each stratum. The strata must
be mutually exclusive and exhaustive, assigning every unit to one and 
only one stratum. Since ctratification is typically a straightforward and
simple process to use, sample designs universally attempt to employ
stratification at some point in the sample selection process.

Stratification has several purposes. For one, to the extent that
units within strata are similar with respect to the characteristics under 
study, stratification can lead to reductions in sampling error. It is the
within stratum variability which is used to estimate the sampling error 
of estimates from the sample; within stratum homogeneity reduces the 
size of the sampling error of estimates. Since the characteristic of 
interest will not be available for creating strata, characteristics that are 
closely related to those of interest are used to form the strata instead. 
Another purpose of stratification is to assure that different subgroups
of the population will appear in the sample, and that they are properly
represented in the sample. tandom selection without stratification may
include by chance alone too few or too many of a given subgroup.
With stratification, the proportion of the subgroup in the sample can 

43 



AJCthodologies for MoIitoftrinlg Vitamin A Intei7 'ntion Programs 

be controlled to be the same as in the population, or tile sample 
proportion may differ fron the population proportion to reflect study 
specific design constraints. 

For a sample of children ages 6 months to ten y'ears, stratification 
by gender may be eml)loyed at the last stage of selection to assure that
approximately equal numlbers of males and females are included in 

the sample. But stratification can be applied at many other points in 
the sample selection as well. For example, in area sampling the areal 
units ma\' be divided into subgroups, and separate samples of those 
units are chosen from each stratum. The same haic principles apply: 
mutuall\' exclusive and exhaustive subgroups of similar units are cre
ated, anid from these independent selections of units are made. 

The direct or explicit creation of subgroups is not the only 
method for stratification. Stratification may be employed imnilicitly in 
saml)le selectictn as well. For example, a list of units ma' be ordered 
with respect to some characteristic related to the stud' measures of 
interest. That is, units that are similar to one another with respect to 
that sorting characteristic (and presumably the related stud' mealsure 
as vell ) are placed next to one another oin the list. A systematic sam)le 
is then selected from the ordered list in which everykth unit is selected 
after a random start. The combination of an ordered list and systematic 
selection is an iml)licit stratification of the population during selection. 

Varying Probability and Multistage Sampling. In area sam
pling, the areal units are t'picallv of varx'ing population size. For in
stance, one unit may Ibe live times larger than another; proportionately 
selected samples from the two units will also have the five-fold varia
tion in size. A technique for handling the variation in size of units is to 
enl)loy the size in the saml)le selection process: Probability Propor. 
tional to Size or PPS sampling. Thus, the larger unit is assigned a 
probability of selection that is five times larger than that assigned to 
the smaller unit. Of course, )opulation elements in the larger unit then 
have live times the chance of being selected as those in the smaller 
unit. Some adjustment must be made to account for this di:icrepancN. 

One way' to correct for these unequal probabilities of selection 
is to sample within tile units at rates that are inversely proportional to 
those used to select the unit. Thus, the larger unit wxould be subsampled 
at a rate that is (ol\one-fifth a-large as that used to subsample the 
smaller unit. If the next stage of selection were households, then the 
households of both the larger and smaller unit would be sampled at 
different rates to restore epsem samnpling. In addition, this two stage 
varying probability of selection design also provides a sample with the 
same numlber of households selected from each unit. The )rganization 
of field work wvill be easier when tile workloads for units of very 
different sizes are identical. 

Selection vith ITS requires careful control of the selection 
probabilities at each stage of sample selection. Acommon error in the 
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selection is to assume that the final stage of selection requires that a
fixed number of units be selected. The PPS selection requires that the 
final stage be selected at a rate whicli, if the size of the units is known 
exactly for every' unit, will lead to equal numlers of subunits being
subsamp)led from each unit. Lintortunately, PPS selectio n must often 
be conducted with measures of size that are some'what out of date or 
otherwise inaccurate. For instance, size leasiures may indicate that one 
unit is five times larger than another wvhen_ in fitct itis actuall ten times 
larger. i.5Slg PP'; safl)ling methods, the su)sample firom thlt unit will 
not be identical in size to those selected firom every other unit; it will 
be twice as la:rge. l'hus, IPS selection Will not insure that the workloads 
ar1le exact lv the satme across unrits, but, as long as the size 11measlres are 
reasonabl' accurate, the sub,,amle workloads will be similar across 
units of Varying size. 

The l)rincil)les of PPS selection are comm()nly applied in multi
stage sample designs. Ini order to describe the PPS selection procedure 
illa clear and concise manner, we m',ust introduce statistical notation. 
Itowever, before doing sO it will be useful to describe a hypothetical
stmple design fr :t vitamin Aintervention eval uatio n program that caln 
later be used to) illustrate the meanhing "f the statistical s'mlbols. 

Thus, to) fix these ideas More irmly, suL))ose that we want to 
select a sample of children ages 6 montls to ten years from a single
district of a developing country for lurposes of studying the effective
ness of a vitamin A intervention program1 being conducted in the 
district. In particular, suppose that the district is composed of the 24 
suIbdistricts shown in TableI1,and that we have the hypothetical count 
of h)OuseL(h)lds in each as of the last census. (The dahta in Fable I are 
actu:lly drawn fro(m ceInsus and other materials from the Kingd( ,mof
 
Nepal; size measures have been altered to lit the purposes of this
 
illustration.) A list of all of the villages and their household counts in
 
the 2-i sulhl-tricts is not available from one source, although lists of 
villages and their h )useholk counts are available in the administrative 
Office thr etch subdistrict. Thus, it is lroposed that a sample Of subdis
tricts be selected, and then villages subsampled within selected subdis
tricts. Finally, households will be listed in each selected village, a 
sample of households selected, and all eligible children within selected 
households \'Will he chosen for examination. This represents a three
stage sample of)Ohouseholds: subdistricts, villages, and households. One 
max' consider the "selection" of all eligible children within selected 
households to be a finil, fourth stage of selection in which eligible
children are selected with certainty. [or our purposes, we to not 
c(nsider ttiis last step in the selection process to be a stage of sampling.

Muppose that a sample of i50 examined children is needed to 
l)rovide enough observations to obtain reasonably precise estimates ofimportant characteristics for the evaluation. It is expected that 90 per
cent of the selected children will cooperate with the study stafi" and 
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Appendix Table 1
 
Hypothetical measures of size for 24 subdistricts in one district 
undergoing a vitamin A intervention program. 

Subdistrict Subdistrict 
no. (i) name 

I Gantha 
2 Balha 
3 Shreekot 
4 Lui 
5 I)hankot 

6 Maila 
7 Louthi 
8 Shree Napre 
9 Vihi 

10 Jair 

11 Nathrapu 
12 Kajuri Mahuwa 
13 Kane 
14 Sheri 
15 Ram 

16 Pina 
17 Karkinada 
18 Shree Napar 
19 Ruga 
20 Rova 

21 Nagri 

22 Pulu 

23 Dolfu 

24 Mugu 


Total 

Census
 
household 

count (Mos,) 

369 

175 

341 

237 

214 


403 

292 

301 

130 

158 


277 

221 

237 

231 

175 


340 

290 

247 

327 

362 


209 

102 

174 

163 


5,975 

Cumulatie Number of 
count villages 

369 7
 
544 3
 
885 7
 

1,122 5
 
1,336 4
 

1,739 8
 
2,031 6
 
2,332 6
 
2,462 3
 
2,620 4
 

2,897 5
 
3,118 4
 
3,355 5
 
3,586 5
 
3,761 3
 

4,101 7
 
4,391 6
 
4,638 5
 
4,965 7
 
5,327 7
 

5,536 4
 
5,638 3
 
5,812 4
 
5,975 4
 

- 122 

will be examined; a sample of 500 children is needed to obtain the 
required number of exam inations. 

The sample of 500 children could be selected in several differ 
ways from the 122 villages. One approach would be to visit each 
household in the study areai, list ever' child, and then select astratified 
sample of children from tle list. Obviously, this would require a 
substantial expense for the listing. Further, the sample would be spread 
throughout the study area, probably with at least one child in each of 
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the 122 villages. It would be costly to examine a sample of children 
scattered over all villages in the study area. 

Alternatively, the sample could be clustered within villages to 
reduce tile amount of listing and travel required to obtain the examina
tions. At one extreme, only : few villages might Ibe selected and all 
age-eligible children in those villages examined for the study. From a 
cost viewpoint, this design is attractive since listing and travel costs 
would be limited to a few villages. However, if the precision of the 
estimates obtained from the study' is considered, such athighl\' clstered 
design is not desirable. Even for characteristics concerning vitamin 
A, there i:; likely to be some positive correlation among children 
within the same village. For example, in a village in which one child 
is found to have serum vitamin A levels lower that 15 g/dl, there 
are more likely to be other children with lower v\alues in the same 
village compared to another village in which such i child has not 
been tbund. Given this positive correlation, the more children 
selected from a samlple village, the less new information each child 
provides us about the stud\' characteristics. The less information 
each new observation provides, the less precise will he the estimates 
obtained from the sample. Statistically, this loss of information and 
precision is assessed in terms of an "intra-class" correlation. The
size of this correlation determines the size of the loss of precision 
of su'rvey estimates. 

The distribution of the sample must thus be somewhere be
tween completely scattered across all villages and completely clustered 
in a few villages. The optimal distribution of the sample across villages
depends, on tile one hand, on the costs of conducting the survey 
(particularly obtaining listings ofchildren within and travel to villages)and, on the other, on the size of the "intra-village" correlation among
children of important study characteristics. Although beyond the scope
of this present discussion, statisticians have devised methods for deter
mining the optimal distribution. For our purposes, let us consider 
instead a practical approach to determining an allocation of sample to 
sites. (One might later compare the resLlts of this practical approach 
to the optimal distribution to determine if it is reasonably close to the 
optimum. ) 

Suppose that the examination procedure, which includes a
blood draw and extensive l)hysical measurements, limits the number 
of examinations which can Ibe completed in one d~i\' to 25. More than 
one day in a location is needed to allow at least one night in a location 
to contact children wvho failed to be examined the lirst day. If two 
examination days are allowed per location, approximately 50 children 
can be examined per location. 

In a single village, it will he easier to list children by household 
prior to final selection. Thus, we need to determine tile number of 
households to select which will yield the required number ofchildren. 
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Suppose that in the last census 'pproxinately one-third of the popula
tion was ages 6 ionths to ten years and onl average there are 6 
persons per househoMld. Ifwe exan ine ali eligible children in a selected 
hiousehol0d, then 50/2 = 25 hotIsehols containing 6 x 25 = 150 
persons aire needed for tile study ill I single locatiol. In the stud\ 
area, there are 5,975,'122 = .9 households per village. On average, 
approximatelv one-half ) the hotuseho lds ill a village are needed to 
provide enough children for an examination l)cation. In t(taIl, 500/50 
= 10 viIlages ar-e neleded t() btatin tile reqitI red number of co)mpleted 
examinationits. 

There is n1e Other feature of the sample selection which needs 
to be specified: the lLnmber ()f subdistricts and villages I)er subdistricts 
to be selected. C)st and )recisi()n c()nsidetratio)ns similar t() those for 
tile luilber Of childlren Iper village Iust he examlined to0 Choose an 
,tpl)r p-ite iumber (f villages per district. For exanple, one could 
select ten sulbdistricts anod (Me villaIgC ier selected subdistrict to spread 
tile sample Mut :Icr )SS tile stud Ca\' Is niuIch :!s possible to improve 
the iWreciSiom (dmtile surve stimates. Alternatively, live subdistricts 
cotuld be selected and Otwovillatges subsamp-led f-om each to reduce 
travel c)sts at tIle expense of somewhat lessII-ecise survey estimates. 
For the ipurposCs )f'the present design, su lIns()se that the decision has 
been made to) tk ll1w this latter alternative. 

Givell these Ldsignt characteristics, let us turn to I consideration 
of h( w ITS sClettion methods might be used to select I sample of five 
sItbdistricts, tw villatges p)er• subdistrict, and a,cIuster of approximately 
50 children per selected village for this study'. We now need to inltro
duce sInle Staltisticll n ttit in to describe the ITS methods more 
clCarl\. SULpp)(.se that We;have aIpop~ulation (f A LIIits an1d for each one 
we have at Measure of size, libeled Mos, foir the ith unit, which may 
be a c 1-1nt such as tile numbl11er ( )f h MIIseholds It tile last census. If a 
ITS selection o(a of1 these units is made at the lirst stage of selection, 
the probability of selection of elch unit, sity p, catn be computed as 

AaI los, 

where >Alos, is the sum Of all measures of size for all the units. 
FolIlhowing the illustration, there areA = 24 units in the p)pula

tion from which a = 5 are to be selected using the census household 
count ,liles, for eatch district is the meItsure ofsize. This measure of size 
is clearly inc( )Irrtct at present f*r)Fa given+subdistrict, but the r-elationship 
between tile censuts c ints amlong the 2.t subdistricts is l)rol)ably 
similatr to that which tight be observed if a complete census wvere to 
be conducted aIt the time of satmple selection. Even thotgl the melt-
SUres iz-e known to he ()ut of Late and inalccurate, they can be Used 
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effectively in a PPS selection of subdistricts for tie survey. Fiially, the 
SumI Of tile meaIsures is >,los, = 5,975. 

A frequently emphI )ed meth )d f )rselecting a ITS sample of 
units is to cIIInilaItc the SiZS )illthe Linus as shown in Table 1,and then 
select the sample using a s\'stenlvuic sample with fixed interval atpplied 
to the Cumulated sizes. In particular, if'a = 5 distrocIs are t) be selected 
with pr( )balilities I)r(pt)rtinal t) their measures Ahs, the interval is 
cA:lcilat1ed as Y t10s,(1= :,9-:;, 5 = 1,195. TIhat is, tree subhdistrict will 
he selected fi.til ev'erv cuilttLiLitl tlI 195 CC1StLIS hO)LIselh(ld C()tlI[IS. 
TO't are selected, Irand mlnumber frImldeterininc which suhdislricts 

I to 1,195 is tObtatined 1fi 1 In
frtil a tabOe ran.I)n nUmb2ers. this case,
SUlIp)(S leh rand( tt nLi mlh2er is 519. "1te cumulaltivc C0tIlumn is exam
imed t0 find the first sLtXdisitrici which has a cuimuIlative total thaI is 
greatll tIa this and( m stt-1, in this case, Illh sulbhdistrict with 
c1niLi yive ItINl St. Tus, IBalhl is the first selectCe subdistrict, and 
its pro abilitv ( f selectil n in this lit-st stage isp, = c Alos, / Y1os = 
5 x I 15 /5,9- 5 = (R. 1612. 

TO detertiine the next selection, the interval 1,195 is added to 
the ranlchilt start to btaiin the next selection number, 1,195 + 519 = 
Ik.-1. The CLII)LIti\'lat ,t:It cluImn ;S againCtaIl exam ined to find the first 

subdistrict with a c1imuilatiVe I )ttl that is greater than the selection 
number, Maila subdistrict. Again, the probility of selecting Maila 
sulbdistrict is Com0pitcd as 5 X ,I03 / 5,975 0.3372-1. The selection of= 
suibdistricts conltinLies in this manner Lintil the fixed nuimber of five 
selections has been chosen. 

Although it could not occur in this instance, it is possible for a 
sibdistrict to he selected more that once for a sample LIsing this 
procedure. In particLilar, if one of the 2,i subdistricts had a census 
Pl)iulition count of more than 1,195 (while the sum of measures of
size for the stLud area remained the same), that sLtldistrict would be 
selecti at least Once and possibly two or more times, depending on 
its actual size. If it were selected twice, two subsamples would have to 
be selected from it at t!C ;uIbseqLIent stages of sampling. Alternatively,
all sLIch large uinits canl be identil'ed prior to selection and placed in 
atseparate stratLIni. Since they will fall into the sample anywav, they can 
Ite sLIbsampled di-ectlV :ItSome fixed overall probability. 

Now let LIS consider the second staige of selection, \;illages within 
selected subdistricts. It is important to distinluislih the conditional 
probahilil, of selecting ivillage, given that the subdistrict has already
been selected, from the oI'erallprobahilityof selecting the village. l.et 
p, denote the probability of selectinig the ith subdistrict. (This was 
previoLIsly denoted asp,, buLt the subscript I has been added to indicate
selection of sulb>districts at the first stage.) Now let p,, deiote the 
probahility of selecting the /th village within the ith subdistrict, once
the ith subdistrict has been selected. The overall probability of selecting 
the/th village in the 'i subdistrict is then: 
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P,1 =P,,P21,. 

Similarly for three stages of selection, the overall probability of select
ing the third stage /kunits (households in this example) is denoted 
as 

Pl, =P,,P-,P.,,4'.
 

where p,,, denotes the conditional probability of selecting the ,kth 
third stage unit given that the ith first stage and #th second stage units 
had already been selected. 

In PPS selection, the key step is determining these conditional 
probabilities in such a way that the overall probability, of selection of 
the final stage units p,,. is equal for all third stage units. This overall 
constant sampling rate for final stage units we shall denote asf In the 
example, we seek isample of 500 eligible children in a population of 
6 X 5,9"5 = 35,850 persons, one-third of whom are expected to be 
eligible, or 35,850 / 3 = 11,950 children ages 6 months to ten years.
[fence,f./= 500 / I1,950 = I / 23.9 is the desired overall sampling rate. 
(Alternatively, the sampling rate could have been computed in terms 
of households as 500 / 2 = 250 households to be selected from a 
pj)OpuLitioi of 5,975.) 

Of course, this sampling rate will be appropriate if the total 
population is currently still equal to 35,850 in the study area. More 
likely there has been some population growth since the last census, 
and if wve apply this overall sampling rate to the increased population, 
a sample larger than needed will be obtained. For example, suppose
that it is expected that the population has increased in the country as 
Iwhole by two percent each year since the last census eight years ago. 
Over the eight year period, the population in the stud\' area would be 
expected to increase by a factor of (1.02)" = 1.17 or 17 percent to a 
total of 1.17 X 35,850 = -il,945. That is, as of the time of the survey we 
expect a total population in the study area of approximately 42,000, of 
whom ,i2,000 / 3 = 14,000 will be eligible children. Ant overall sampling 
rate off = 500 / 1,i,000 = I / 28 is needed to obtain the required 
sample of 500 eligible children. Given the uncertainty about population
growth rates and the proportion of the population which is eligible tr 
the study, one might prefer to use the previous overall sampling rate 
of I / 23.9 to obtain atlarger sample than needed. In this example, 
though, let us fix the overall sampling rate atf = p,, = I / 28 for the 
final stage of selection. 

In the second stage of selection, which occurs within selected 
subdistricts, the conditional probability of selecting the #thl village is 
similar to the first stage probability: 

50 



.1Jl/l/tJ) 1lo.s./ir .1n1wi oriI, Vitamill A Iillrrnlimll I'ru.Vauis 

Appendix Table 2 
Ilypothcticai measures of sizte for eight villages in the selected subdistrict 
Maila. 

(Censuis 

Village household (umlative 
IIo. (/) Village nlanme COuit (Olos) Count 

I Thadiihiiija 7-1 7 
2 l)uh:ltbi i3 127 
3 Airathi 5i 182 
4 Ekralii 61 2,6 
•5 Dlhahouli 58 301 

6 Machijhitkaiya 21 322 
7 Fulbariva 50 372 
8 Kamaila 31 'i03 

Total 403 

)211
-


I 
 l , 

whlere C, is the nt.nl)(er of sefcold stage units tohe selected within 
selected first stage units, ,1[O.,, is tIhe I( )pukItio C()Unt or size Of the 

i/th seCOIRId Stage unit, a1nd Z__ ,, is the SLIIII of 5i/.e lmlesures tor he 

villages ill the ith first .stage unit. Illthe ex;mIlle, the same nmber, (i, 
= 2, of1 villages are to he selected within each selected sulbd.listrict. 

Table 2 presents the Vilhlg.s alnd their h(tLisCh(Id C)lInts Ioi 
0ne I the selected sI dlist ritts, Mlila. Since a, has heen ch )sen, and 
the .hos, rIe* :tvailale, thc,slCt IO Mf secnd stage s;aUl)ling iilits C.an1 
be MAde in A mainner iletical t0 that used to Select first stage units. 

TILus, 16r tMw() Villagc .sClctih)ns 1r1Cm ,1hs,=.103 ltotal measuresthlie 

acr(nss tlie eight villages, aln interval (A'f03 2 = 201.-5 caln he used to 
select vilklges with PP,S. 

A smalI ctimplicatio n arises in thIiis instance sincc tlie interval is 
nt an itleger. Svstenliatic selecti mn with fract io nal interval is poissible,
;tltli herl,ot atplr cheCs c:n he used in this sit't hinn as well. A 

randoim+ start is chosel ll ( then a decimal point isfIi 1) 2015, and 
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ilsurtCid h'ru()l thelIst digit. Stl)j)()SC hulni ( )ll St:It was 3-18. Insert
ilg a .iCiinial po()int lul )ru tihte List digit OR.idlt, st,rt Oftllt' r'ti'..I )'l 

3+. Th lu,lLsuluct IIt)Iibur (0 he f1api iud tileth._ ,'urmul.tiVC (v'0tI.u
1n is
olittiiui hy dir. lpl~g lt'u th' iucinr,IIpolrti( lli+t~thu suluctik in nurnlhur', 

3.1 ill this C'Asu. Thli fr'.St villtgt., Thil<.ijhinj, with Ciiitluiti\i' tt3 -A'iis 
thu Iirst sCIuctud villigu., within thlt,s.luctud sd istri'iCt. lT C,. inditiolnidl 
pr()xIlilitv ()f suluct tlg Th hiuiiiij (givunl th!At ,iaji stltIdistriit his 

iidt' 	 i \ ic.uuI stIuct. C) is thus., = p=, 11h.,,, 1k)'; = 2 X 
/ 

"".- / Od). -2-. Thi (Ivtr'l rll'(uilitv if sculctiilg tills vilkigu 
is the r uduC(t itu fitSt st *tIgCtiit' CtheuMitditnal S'CO 1 (, stage 
pr[t'lxilitius, /' . /=.,,,, = 0.33-21 X (0'-25 = 0.12385. 

lh iluxt suict i(n is dut.'rmi nid hw add.ling tlii fractiot+al inter -to+the sCh.,Ctit)In 	 lluV,,3;1 rm1UrlbI ( irluLditlg tI ttmlUud dCICiI rxl1(r

tiolls): 20I. + i+.t.8 = 23().3. 11)1Cppit l) tin)ill ofllis nt'xttlt' di.Cilhldl 

S1'Cti( 1ll lttll I 230, thtlCNIxt sCIiCtuCI \ill' is Ekl:l1i With
t'r tI)2 htbaii 
CLI+|idlative t<)til 2-1 , . Theu L'(rIlditio~l:tl l-ttflxhility ()f scluctioni ()f this 

villigi is 22.,, 0 1 -i03 = 0.302-3, +t tutd ' ritli l aII)ilit • ()f 
seucti )n is . = 0.33-2i x 0.'102-3 = 0.10209. Ihus, thu vuraill 
frtlxahiit its, if s.IL'ctio )nifthusu tw) VilliguS 1u 11 )t thu SaIm+'. S,lll 
typi.' I f l''trucit )il 15t he mad llin thu list st'ltge I stlcctit n inllt'ltr 
It) I*'( \'ul"'Ill ' Clup .,;tafpIC dusigrl.

Thu sulc(t io Ii is o Inil)lutixid ncu thu rtlirud i, = 2 villags 
havU huun slci'dele . "'h prcuduru can ruadil iu uxtunded to rm )ru, 
thi,111 tWO 'i t n.S, Aid it c.i ll ' i'ltl S11tr1laud that it prt wid .s tltuI.+ S 
corre'ct jil'r lh:tliiitit's I f suh.'c.l ilti )thlghtiut'l'(iiiiiing '( i cL(.u- o)f 
dri()ll)lllg 111C dt._,imll r)trtioll O~f the SclIuctioll 1111rnl)cr-. 

'il' third st'gi c(.llitil illal si'f'clci( f~r wn)htI)iiity,/),,., whure tlt' 
suhsirilpt/h' iun.S tl1rII sta gu unlits within thu /tll suictud scC ild 
stagu unit, 1llsl.t wi tht )st'lcl li all usuli+sanplu1Whi' tou iltl t 
suluctioii (If hItis)uh ls. .\t tIlu llirld StAg , S MIl u nltl _'r (I,, Of tiilmd 
stt'C units (iiU Sihtl1ti)hs ill thi' ,X':llll u)i) iS s I) he s Ii.t't I fr )1 tl'101.t1l WAiS thIJt JtR! lIrc.scn ill tl1CSt+lCtI C W .'O ttg. l U1fluit. 

The'u aire sevt'itl \ways t> dtlcrilli l til'lo. r priitu smllfpling raltt' 1hI 
this tilir'd stagu (f Salllplillg. 

Ol)u il '()i's d'tI'rilliilg :1 ';itLt' I )" (I,, which is the samlult 
uaciI t [litf s t1 lag' SIlllilg tll itS, 111d 11it'2 CIiluIIu"th raIt' aS 

A o 

I(wr 	example, ti dusigll calls kw ;'1 .lrg't samlplt (dfll'exinatuiy hi 
11111 lur hfhl ilSC select'd in uach vi llage, and [lietS. ' u(d I t d t( h' 


C',Illiln'ttio~l k,il~l Cllildr'Cn ;tges 0 m lhlIs 1(> tell \'';rs residing ill llh >SC
 
huMsuihtiis. If tills iis Lusud. thu t'rtilll samplillg rate'( II' 

ItSVi'ith I)tlsuIlu is ilt Sh11.' fWIt all At in tilt' Study lita sinu' 
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P,, Ip,,f = = 

a Alos, a,Alos,, a, 

>IIos 

where Y bos,, = Atos,. Since a, a,, a ,, and DAos, are all fixed by the 

desitg-, tile Sam1pling raer is the same for all third stage units. 
inthe example, the overall sampling rate was fixed at f = 

I / 28,while a = 5,a, = 2, and ,los, = j,975 .I lence, solving for a,, 

.y-,lls,
 

el, el 

(1/28) X 5,975 
5x 2 

=21.339. 

Within each village, the sampling rate for households would be calcu
lated separately using the fixed a,, = 21.!39. For example, in Thadijhinja
village, the within \illage sampling rate would be 21.339 / 74 I /= 
3.-168, and asv:;tcmu.ntic selection wvith fractional interval 3.4678 could 
be used tO select sample h useholds from a list of all households 
prepared ifr the village at the time of the visit fo r examinations. In
l.krahi villagt,, the within rate would be 21.339 / 61 = 1 / 2.8586. 

Alternatuvely, the within secondary sampling rate can be calcu
lated directly from the iixed overall sampling rate and the conditional 
pr a'ilities of selecting first and second stage sampling units. In 
particular, 

For "'Thadijinla village the conditional probal)ility within the village is 
= (I / 28)/ (0.3372.i x 0.36725) = I / 3.A678, while in Ekrahi village

the rate is = (H/ 28) ! (0.33-2.i x 0.30273) = I / 2.8586. 
When these witlhin village sampling rates are applied to lists of 

h)useh(olds trflu the villagc, the resulting samples of h( useholIds will 
h~e appro ximately the same size *cr*)ssvillages. If the actual numbler of 
h()Lseh( hcls within each village is the same as the measure tf size for 
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the village, Alos,,, then the within village sample of households will he 
identical across villages. For example, suppose tht whenlThadijhinIja 
village is visited, exactly 7-i households vere t;Ibund. Then the sample 
of households Vould Consist of 21 or 22 of those households selected 
at rand)m ( if households in the village.or s'stematicallv from the list 
On the other hand, suplpoSe that 90 households were aCtuatlly foind. 
Then the sample would consist of 90 X (1/3.A678) = 25.953, either 25 
or 26 h uIiseholds selected from the ho useho ld list. If fewer than 7i 
househ(ilds were found, then applying the within sampling rate woIuld 
result in fewer than 21 or 22 households being selected. Since the 
villages will increase or decrease in size at different rates, there will 
be variation in sample sizes across villages. However, it is expected on 
average that the differences from village to village will be small and 
pr()duce 1nlv ini ii lIuctuat it1s in \vorkl(oiad. 

One ( ifthe villages within tile selected subdistrict may present 
a problem flr the last stage oftselectiin becattuse it has a small measure 
of size. In a'b'le 2, village 6, MNachijhitkaiya, has :t measure of size of 
only 21 househ(Ikls. If this village had been selected, the third stage 
conditi mnal pro)ability (if selectioin needed to maintain epsem sam
pig w iuld have been greater than 1.0. Since we cannot sample at a 
rate greater than I.0, we Co)uId not maintain epsem for this village and 
would he forced int( S0 m1e tyvpe (O \\'eighting adjustments during 
alnalysis. To av(id this problem, we can set a minimum size for each 
village. say 22 househCIilds in the example. When a village is encoun
tered thlt has a measure sIMailer than the minimm, it mLust be ciml
bined with (me ()r more (,th"er villages to form a. new secondary sam
pig unit which is larer than the minimum size. In the example, 
villatge 0 could have been combined with village 5 to create a new 
sampling unit with a,measure of 58 + 21 = 79 houselolds. If either 
village 5 ()r 0 were then selected, the subsm1pling at the last stage Of 
selection w(muld I e fr mm all h selhlds in both villages. 

Implicit Stratificatio n has kcen cmployed in this example to the 
extent thatt the subdistricts and village lists are ordered by characteris
tics which might he C)rrelted with stud' findings. But explicit stratili
catio(m CoUld also hat've been used. For exam)le, the subdistricts might 
be divided into t\o stat:I .n1d three subdistricts selected from one 
stratum and tw( m'1(0mm the other. ITPS selection methods as described 
here inust be adatpted t(0 tie situati(in in which the strata are of different 
size (a t()pic bevmd tile scoipe Of this discussioin ). Alternatively, the 
district itself ma' represe'nt at st i-at im f suldlistr-icts. Aslight niodilica
tion (f the no tation is needed to then identik, the separate strata: a 
subscript b Vould be needed to denote the /mth stratum. The sampling 
rates may vary acriss these strataz, although maintatining (,[psem across 
strata is likely to be preferred. One might also consider selecting a 
different numbe, of subdistricts in each stratum, and thus a,, wvOuld 
denote the number iif subdistricts selected in each stratutm. 
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In summary, a recommended procedure for selectirg a three
stage epsem ,mipie of households using PPS selection methods is as 
follows: 

I) 	Compute the overall target sampling ratef 

2) 	Determine the numlber a, of first stage units to be selected in each 
strattum. I)etermine the number of secondary sampling units, say' 
a', to be selected within each first stage unit (this is likely to be 
the same across strata). 

3 ) Select a, first stage units in each stratumn with PS and record the 
first stage select ion probaIbi Iitv p,,,, for each selected unit. 

) Select a' secCondary samlpling units in each selected first stage 
unit using ITS selection methods and record the second stage 
c( )ditional selection probability p,,, for each selected unit. 

5) 	For each selected secondary sm,:pling unit, compute the third 
stage conditional probabilit\v needed to obtain an epsein sample. 

6) 	 After listing the households within each selected secondary sam
p1 ing urit, apply the within selection rate or interval (i.e., llp),,.) 
to choose a samlle ft lOuseho)lds. 

This basic approach can be modified t ) handle ony' two or more than 
three stages of sampling. It can handle sampling situations in which 
the secondary sampling units IlluSt be created by survey staff rather 
than obtained from other sources. The last stage of selection may also 
be clustered to avoid difliculty recruiting children from one household 
but not the one next dohor. Fotr example, rather than listing individual 
households, which ma' be difficult to IOin ,ny developing coLintries 
in which there is no housing unit numbering system, geogqraphic areal 
units that are clisters of h( useholds can be identified within the village. 
Such clusters must have unambiguously defined borders that canl be 
readily identified in the field, and should have approximately the same 
nuOnec of households each. The final stage of sampling can then be 
applied to these cIlIsters, with exam iat ions conducted with children 
in all of the households in the selected clusters. TIhe clusters maxV be 
)f'small size, such as 't 10) 10 households, or tile\ ma\' be much larger, 

such as fromi 25 to 200. The size of the cluster depends on the cost and 
error characteristics of tie survey itself. 

Estimation. With the comlplex sample design described here, 
the COmputation of estimates ofeven simple uILlantities such as propor
tions can be elaborate and diflicuft to impleient if the complete 
complexity of the design is taken into account. We recommend a 
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simplified approach suitable for estimates from the design described 
here for a single type of estimator, conlidence intervals for proportions.

Suppose that we are interested in estimating the proportion of 
children 1' for whom Bitot's :;pots is reported. For each child in the 
sample, two variables W uld be created: (1) an indicator which is eC1ual 
to 1 if the child had Bitot's Spots and equal to 0 otherwise, and (2) a 
variable equal to I for all children in the dataset. Let,,, , denote the 
indicator for Bitot's spots for the kth child in the/tb village in the ith 
subdistrict in stratum ), and let , denote constant variable for the 
same hijkth child. They,,,,,and . -,,,I.vlues are summed across children, 
villages, subdistricts, and strata, and the estimated the proportion of 
children who reportedly have Bitots spots is cCAmputed as the ratio of 
those two sLIms: 

, / , 

.V. 

There are several feattres of this estimator that are important
 
tc note. For one, it is a ratio of the two 
sums over all children and not 
a sum of ratios for each child. This estimation procedure for propor
dons for the total population can be adapted for estimating proportions
for subgr )ul)s as \'ell. For instance, the suLmation in the numerator 
and denominator of the ratio can orbe made only for ]Inale female 
children. Missing data for some individuals requires a modification 
also. If the iumerator variable is missing (e.g., the Bitot's spots status 
of a child is unknown ), then the child does not contribute to the 
sunmlmation in '11henuLerator ()r the denominator. Finally, a ;imilar 
approach can be used to estimate means as well. Instead of tile indicator 
variable in the nuLerator, tile vle of tihe vari'ble for which the mean 
is to be colm)puted (e.., serutn vitamin A level) is substituted. 

In order to assess the reliability of the estimated proportion, 
an estimate of sampling variability is needed. Estimating sampling
variability requires that the stratification and clustering features of the 
sample design be considered as well. I'o estimate the variance of the 
estimated proportion r, estimates of the variance of the numerator and 
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denominator as well as of the covariance between numerator and 
denominator are needed. Let.r,,, and .x', denote the summation of the 
numerator and denominator variables across childi, -n and villages in 
tile hih stratum and ith subdistrict: 

Vh > uk and N~,,, I INA 
/ k / k 

Then the variances and covariance of the numerator and denominator 
SUMS in r"are 

ix 

var() = (ib( -" x 

x i,,- I n 

a, / 

(xJ l
- (s 2 and 

COVO',V) = 

'57
 

(zuxa,, 
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where f, is the sampling rate within the bth stratum. The factor 
(1-f,)is referred to as the finite population correction, and we recom
mend that it be ignored unless the within stratum sampling rate for a 
given stratum is greater than I / 20 or perhaps I / 10. 

These variances and the covariance can then be combined to 
compute an estimate of the sampligrariaticeof the estimated propor
tion r: 

var(r) = (var(i) + r"vatrx) - 2 r coV ()', x) )/x-. 

The stattdard error of the estimated proportion is computed as the 
square root of the sampling variance: ste(r) = Jvar(r). The standard 
error is then used to form coifidenice iterals for P. The interval 
defined by 

r - z,1 _.12,ste (rand r + z, _,.,ste (r), 

where z, is the (1 - a/2) value of the standard normal distribution, 
forms a (1 -a12) X 100 percent confidence interval for the population 
proportion P. Inparticular, if a large number of samples were selected 
using exactly the same sample design, we expect that for (1-a/2) x 
100 percent of the samples the conlidence interval constructed in 
this w iv will contain the true but unknown population proportion of 
interest. 

A simpler approach to estimating the sampling variance of a 
proportion would be to use the standard formula based on the assump
tions of simpleratdon sampling,or srs, in selecting the observations: 
var,,,(r) = r (1- r) / x. However, giv2n the clustering in the sample de
sign, it is likely that the simple random sampling estimate of sampling 
variance will be too narrow. Hence, confidence intervals formed using 
the simple random sampling estimates of sampling variance will be 
too small, and we will claim greater precision in the sample results 
than is actually warranted. 

Sampling statisticians refer to the r-tio of the sampling variance 
of the estimate to the sampling variance computed tinder simple ran
dom sampling assuLptions as the design effect: 

var(r)
deff = var...r) 

For a multistage sample design, the design effect will be greater than 
1.0, indicating that the effect of the clustered sample design has been 
to increase sampling variances relative to a simple random sample of 
the same size. If the design effect is anticipated to be substantial, an 
adjustment to the sample size may be needed to compensate for the 
larger variances expected from the clustered sample selection. 
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2. Sample Size Determination 
The lirst step in determnining saiiple size fhwra sample survey is to 
specilv (tle level (tI rtliaihility, (orprecision, needed for [ile estimates 
o3f pi'pl 31tit r1s that are to( be taht'ti lr( 31 (le SUIte\. It is inlpl)O(rtailt
1(3 he aiwara r that a1sample size determimed l) nieet speci!icatius fori"tile prec'isio~n ()fl e stima~te (tl)fieiOl[ ti 1Childrenl With Biltot'S 
SlN31S ill .1 certaill r'gi 3 (r diStrict \\'()3(1 n(101 he Iruge Ct'i gh to 
t'Stillile wiil tie sllle precision 11111 Salle prl()irti()Ir h311s or fo3r 
.1l1 ciiildrt'in ill astl"sliti'ict. Iha certail precisi( 3i is retjuired t'c.stilltU'S 
in thesC sulgr( 31)pS, tln dUtcrni hiti(niol saulljle sizt 11iUst he d101eJ1t tile SuLI)L IMl) leVel. 

The salilelit Siz' 11 1( he drawn ll'VllI-(I(ptiliti ( )II(1 sizt N is 
to( he determined S() t wc' will he C(o11!lellt 11111 lhe estilitedproporpttio n r lilt ,iersfroill th(2true p)()t)1liioni- l- ) tio.n Phy no mor>ie 
i,l1in a spCilied :ilun()LIIt d. There is ai sillill risik a tliat 1it actIal 
differe'nce is l:rgt'r 013il d; thait is, tile [r )li;iil that tie estill'tud 
h lr( I ti011 di lesi r 3 tile triute i)pIll iti 1nR, -3ltioil h Ill.lre thall 

the dillerelle d is a: 

Pr(Vr - /11 - ) = a. 

Alte'ritively, we may wish to( 'on(1o tile erlw r'elative totlie size of' 
the 11pu lkit io3n proportion P, ill which case wwehave 

I'i- Il > t)) = a, 

where v is [lie size (oftile relative erio we are willing t( tolerate. For 
exanple, if we wainlt [le estimated pro3poi-tion r t( depart fioml tile 
113u1laiti )( )t ( n /11'('iy no )1()1mre than 5 per'ceilt (f 1P,then 

From simple r:md li sutllpling t1 eory, a IIrsiappr)xilation to 
U is givell h 

,it =z'1,(l - j',

o', ill teris of relative e'r'r, 
ul= z"(1 - I,,)/c" I,,, 

where 1',, is the best a priori knowledgeC Or guess lblout tile Unknown 
r0opul.itionIlr)1p*(I'(3tio l 1 'iandz = Z, i , 2, is tile ahscissa (31' the standard
norill.1 distribi)ul wiL tls (3111 aire;.l (1 a / 2 in each Of tile tailsWhir1 
of tile distrihutioln. 

The sIlple size form1uli which specilies tile difference d is 
relativelv ilsensitive to) erlors ill tile a prio'i value (3f I,. It' there is 
S()1l1C uincertainllt aib1)u rea'asonilble Va.lIue for/',, it is better to3(. choose 
I VAluC that is closer to 0.5. 'or example, supp( )se tihat tile value f 1' 
is stispected 1(3 be sollewlere in the range 0. 10 1o 0. I: a vllue of 0. 15 
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is more conservative (safer) for estimating sample size. Oil the other 
hand, if P is thought to be in the range 0.60 to 0.70, it is better to use 
P,, = 0.60 (i.e., closer to 0.5). However, if the formula which specifies 
relative error - is used, it is safer to use the Value closer to 0.0 (P,, = 
0.10 and 0.60, in this example). 

When the sample is being selected from a small population, or 
the sample size is a major portion of the population, the formula for 
sample size may be adjusted to account for the finite nature of the 
Population. In particular, 

W = i/(I + i/N) 

may' be used to obtain a sample size adjusted for tile finite nature of 
the population. This adjustment is not often needed, and we recoin-
Mend that unless the oiigillal estimated sample size is more than 10 
percent of the population size, this adjustment be ignored. 

lor Confidence expressed as "reasonably certain", we often use 
a risk oft error oft a = I / 20 = 0.05, which' corresponds to z = 
. 2 .. = 1.96. We are "virtual!,' certain" if we use a = 3 / 1,000 

which c)rresponds to Zr,,,,HS = 3.0. 
The clustered nature of the recommended sample design may 

yield a substantial design effect reqCuLiring an adjustment which in
creases the sample size determined from simple random sampling 
theory. Results from previous surves\'s of a similar design for the same 
characteristic (eBg. Bitot's Sp)ts ), or from a pilot study, may be available 
to estimate tile design effect. In the absence of such results, assume a 
design effect ofat least dc/j'= 1.5, and use ii x d/fas the best estimate 
of the required sample size. 

In Tables 3 and *i of this section Values are given of sample size 
ii for selected values of P,, a, and E; selected z-values from the normal 
distribution for various a; and a summary of the steps required to use 
the tables including the finite population adjustment and adjustment 
for design effect. 

Example 1. Suppose that before beginning a vitamin A inter
vention program in a region with 10,000 preschool children, we wish 
to estimate the prevalence 1 of preschool children in the region with 
Bitot's spots. Available information suggests that the prevalence is about 
3 percent (i.e., Pi,, = 0.03). 

a. We want to be "reasonably certain" that our survey provides 
an estimate r such that ir - /1 < 0.01; that is, the interval r ± 0.01 will 
indclde P except for a 1/20 chance. Here, P,, = 0.03, d = 0.01, a = 0.05, 
z = 1.96, and N = 10,000. 1-ence, 

i = (1.96)-'(0.03)( 0.97)/ (0.01)2 = 1,118, 

and, adjusting for the finite population, 

n' = 1,118/(1 + 1,118/10,000) = 1,006. 
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Appendix Table 3 
Sample 	size n based on P,, a, :, and simple random sampling, required to 
estimate a proportion P. 

P,
 
a e 0.5 
 0.25 	 0.15 0.05 0.025 0.005 0.0001 

0.050 0.50 16 	 47 88 295 600 3060 153700 
0.25 62 	 185 350 1170 2400 122-0 
0.15 	 170 515 970 	 3250 6660 34000 

0.010 0.50 27 80 150 505 1040 5300 266300 
0.25 	 110 320 	 605 2030 q160 21200 
0.15 	 295 89o 1680 5620 115,0 5900010 

0.003 0.50 37 110 205 685 lqlO 7170 360000 
0.25 	 145 q35 820 27,)0 5620 28660 
0.15 	 q00 1200 2270 	 7600 15600 79600 

StepI Dtermne N.tie site of te X)pulatiot ion[he samfpled., tie hestpri.r estloate (ifthe irue unklown p)pulaion prop)irtio nI'. o, therisk that theestimated priliortion differ%frornP h aP,,.undv, the mnatmun acceptable relatte error. 

Siep 2 For the %elected (P.,.av,v. determite n front die tabhl for simple random iniliing 

Step3 Appl he finite niopulanon - + ni)adjustnient, n' n (I 

Step-i Appli deft, te best poor estimtae if tie design effect (or. .,,ume def" I 5 if ni estmnate is,asilable). to gelthefinal 
etmate oif the required sample site Sample ste - i' , deft 

No information is avail:tble on dkj/, so we arbitrarily adjust n' upward 

1 a factor of 1.5 to ()l)ttina fiinal samiple size estinmate 1,006 X 1.5 = 
1510. It is clear thIt the acctUra.y , of the initial estimate based on simple
raindom sampling is not critic:, since the inflation factor to adjust for 
effects of clustering will often be atrbitrary. 

b. If instead we w'ish to be Virttall.y certain of our precision (i.e., 
a = 3 / 1,000 and z = 3.0), then 

n = (3.0)-(0.03)(0.97) / (0.00}2 = 2,619, 

an11d, adjulsting f)r the finite I)Ipllatio}n. 

it' = 2,619/ (1 + 2,6 19/ 10,000) = 2,075. 

Applving the design effect fictor, the fina sample size estimate is 2,075
X 1.5 = 3,113. 

c. If uncertainty ablhout the existing prevalence suggests that P 
may be ipossibly as large as 5 percent, then the estimates in (a.) and 
(b.) 	 become 2,315 and 4,493, respectively. 

Example 2. Suppo)se that we have completed the survey 
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Appendix Table 4 
Selected z-values from the standard normal distribution, useful in 
estimation of sample size. 

a - -1 

0.2 0.84 1.28 
0.1 1.28 1.64 
0.05 1.64 1.96 
0.01 2.33 2.58 
0.003 2.75 3.0 
0.001 3.1 3.3 

planned in Example I which, using tile sample design of Section 1, 
ielids the estimates r 0.025, ste(r l ) = 0.005, and def.1f = 1.2. Vitamin 

A intervention is subsequently done, and another survey is planned to 
evIlaiiteth iteielvetion. We want to he reasonaly certain that the 

post-intervention survey p)r)('ides an estimatte r, which, if it is 0.01 or 
smaller, will be fi nInd significantly different from r, in a one-sided test 
of statistical signilicatnce. 

In planning a statistical test (f the hvpothesis that the difference 
-I r, is zero, against the alternative hypothesis that r1 > r_,, we can 

Coitrol the risks of making two errors: a, the risk of incorrectly deciding 
the difference isnot zer) when it really is; and [, the risk of incorrectly 
deciding the difference is zero when it really is not. Both a and [3 are 
to be silill. 

The test statistic for the test of I difference between r and r. is 

(W,- I-) 
=\.,steC',) 

+ stc ',") 

When Z is greater than z, ,,, = = 1.6i5, we conclude with reason
able certainty that i, isgreater than r,. We want a sample size for the 
post-intervention survey which, vill pro\'ide a statisticIllv' significant 
resilt (i.e., Z > I.6iS) with probability 0.8( = 1 -[3) if r, = 0.01. Now, 

ste(r.f = r., (I -r.,) X C /'/i , 

where ii, is the sample size ol the po st-intervention survey. Given that 
we have estimated r, ste(r), aLnd dc/f aInd that we have chosen r, = 

0.01, a = 0.0- 0= 0.2 (z, =(z,, 1..5). and[3 , 0.842), we can 
use a result fro m large-sample hypothesis testing theory, z,1, + Z = 

z,,, to so lve for the \luieu Of 11,: 
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r:(1 - r,)x de/f 
I 2 {Vr r2)'Zz,--, + z,, _ )}2 - steW!, 

(0.01)(0.99) (1.2)
 

(0.015/ (1.645 + 0.8-2) )2- ().005)

= 10-ii. 

A sample of this size will vieli ste(r,) = 0.003, and thus, tile 95 
percent confidence interval for P)at the post-intervention time is r, _
(I.96)ste(r,) = 0.01 ± 0.007. Even though n, is adequate for the test of 
significance, we may wish to increase n2 to improve the precision of 
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